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Today, thousands of TAG Instruments are in effective 
service in the synthetic rubber, chemical, explosives, 
catalytic cracking, aeroplane engine testing, ord- 

nance, and food fields. Now, when uninterrupted, 

peak production is vital—where needless re- 
runs set back the war effort—you particu- 


larly need the well demonstrated pro- 
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’~~ HELICOPTER INSTRUMENTS are called upon to indicate performance 


of a nature different from that generally associated with the operation of conventional airplanes. Kollsman has 


already devised a special dual tachometer and synchroscope for experimental helicopter work. A super-sensitive 


air speed indicator is also called for, because of the helicopter’s ability to move at low lateral speeds. The ship’s 


ability to hover and to make slow descents also suggests refinements in rate-of-climb indicators. Whatever the 
ultimate instrument requirements of the helicopter, Kollsman engineers will be ready with practical and 
, 


efficient designs. keeping pace, as alwavs. with every advancement in the science and the art of operation. 


\ KOLLSMAN AIRCRAFT INSTRUMENTS 


PRODUCT OF 





ELMHURST, NEW YORK . GLENDALE, CALIFORNIA 
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A L and the instant when the signal crosses 
the upper or lower limit of the control- 
ler mechanism’s dead zone. At that in- 


i ° stant, the actual process temperature 
; s ss W deviati r be twice, or twenty 
& S — Kno Thy Dead Times ° un oe vwidth of the mechanism’s 


dead zone, and of course the deviation 
CHO! of that automatic-control circles by hand inside a fixed hoop continues to increase after that instant 

No, | imys'ory” continue to come in— (constant-diameter) while humming a_ because of process dead time. 
“a nostlY juestions not for publication. marching song to maintain a speed of Controller dead time may remain un- 
ome new readers: hadn’t learned that 130 r.p.m. Or save your arm muscles suspected because although it is possi- 
| requires a fast primary and build a set-up like the one sketched ble to build a control mechanism with- 




























Ung on Jose ¢ ; ; : 
' North lement here goes another sermon- here (which can be shipped to another out a dead ZONE this is not true of any 
ette on thermometric lag. plant when you’re through with it). controller as a whole. A controller com- 
Plunge your finger momentarily in Dead times mean dead zones. In some prising an “ideal” mechanism and a 
ge } 








































iling v ater; you'll say “ouch!” Now applications controller dead time, rather too-heavily-protected thermocouple may 
ruickly ss your finger through a Bun- than process dead time, is the unsus- remain inactive while the furnace tem- 
























































































RY gen flame: you'll hardly feel its heat. pected offender. Unsuspected because it perature oscillates 20° above and below 
Iden Mi The same primary element (your finger) occurs in the form of the delayed start. the control point. 
a ‘. faster in one medium than in another. Some readers think that a bulb or couple The delayed start is the enemy of 
This is true of ANY primary element.. which exhibits the delayed-start effect close control: it means that you’re al- 
Seana the response curve depends when purposely subjected to a large ways controlling what the temperature 
phe circulation, aepeeue sav anaes. A Tate’ asetbune sénguetanens. 10 
hermos MEASUREMENT. 
og a stagnant-air seatiion becomes usually caused by different heating- 
glert when —— in _— apo owe — - peng ae ip alg a orca 
The lag coefficient is not an unchange- “he se 
able measuring property. A pean sl bushings, flanges, etc. When the delayed 
tie which IS the same in any medium 
at any circulation is THERMAL MASS. 
Therma! mass is important because it 
imposes an irreducible limit to the speed 
of response. Your fastest mercury-in- 
steel recorder will draw a smooth line i 
at 50°C. or 122°F. if you plunge the Ne 
- 671M bulb alternately in ice-water and boiling 
water... until you tire and slow down, \ \ 
when the record will change from a Pie. 
smooth line to something like this: ¥ 
which is far froma 2” high square wave! ~! 
677M The fastest elements I know of are S! 
the fine-wire resistance thermometers =~ . / 
which physicists have successfully used | radis — ae \ 
6a) 2S speech pick-ups (lag coefficient in air ' for perience ' ~~: xX y . 
“obviously less than a millisecond). Com- e4 nous motor yet? ’ iat 
mercial resistance-thermometer wire can s | yn “LE —- 
be made into a primary element witha 2, yt ea | - * 
. 14 |-milliseeond lag in liquid. A thermo- =! cat ” rss . 
ion couple junction hammered or rolled to ‘% a a = \ 
ry microns thickness will be equally fast. ~ a : e 
We can’t use these elements bare in Po “ ~ oe ' 
710 our control systems. We must support ~ 
them and protect them—and we get a % ‘" 
726% primary-element assembly with a rela- Y} 
>) ively large THERMAL INERTIA. Thermal AS eieeernapreeimagre pe 
"inertia depends not only on thermal | he —< a he Oo 
73) Mass but on SHAPE, nature of outer sur- we . 
~ f face (even color!) and many other fac- , 4 a — icimaceailid gull 
—= ‘ors. Its effect on the response curve is *‘--f-- Y _-—_—— eee ew ania 
so unpredictable that you have to run iV, ' 
your own response-curve tests for every a Y —— ———_ aoe so 
M{ PANY #@ new combination, Take a bare wire which ( Y 5 
gives an oscillograph curve attaining iF ) —— ss 
— 63% of final reading in a millisecond; - % rh i +— 
enclose it in a kiln type protecting tube Y) 
r and the assembly may take more than ‘ YA ——_—— —_—__—— ; heoee 
4 quarter-hour for 63% of final reading ar y ; - 
‘Lafayette J: 2 millionfold increase! Or it may be hs “Turn-table” =U} oe i Se iedbeinnaiatas 
St, New “only” a thousandfold increase: you we Unit Z —__— Ss 
i wouldn’t know unless you ran a test. ., (c Ap ne y ee ae ee — 
) M.D To determine the complete response ; — omy. moto < Ege 
AG, BP Brees, (including delayed starts and ['pipwamineastors”| “reducer) Preece itll 
Mo H delayed ends) of your own primary ele- UZ LLL ~~. < < 


ae . To -—~ — 
ments under your own conditions isn’t a 


Impossible. Sometimes it’s easy. The A : 

essentials are fairly obvious. One is a sudden change (say 100°C. to give an _ end is bad, it’s ENDLEss: the signal from 

- fast recorder, preferably an oscillograph. easily-read record) will have a negligi- the primary element (millivoltage, pres- 
» i J Another is a means for suddenly trans- ble delayed start when subjected to a sure, etc.) never gets to represent the 

nee note HE ferrine the bulb or couple from room smaller change. Seldom is this true,The “true” temperature you want to meas- 


ne oxpis: fe ™MPerature to the medium under study. delayed start may be longer! ure; instead, it represents a temperature 
mes te Another essential is known circulation. A primary-element dead time may re- somewhere between this true tempera- 
_ No need of a hydraulic-laboratory set- main unsuspected when it is the inter- ture and the temperature of the wall 
i up: plunge your bulb or couple into the val between the beginning of a gradual through which you’ve installed your 


still-medium tank suddenly and make change in the controlled temperature primary element.—M. F. BEHAR. 
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(LEFT) In the Quartermaster Corps Mobile Chemical & Bacteriological 
Laboratory, Capt. Hatton B. Rogers, food technologist, places plate con- 
taining bacteriological specimen from processed food in automatically-con- 
trolled incubator to determine bacteriological count, These plates are kept 


in incubator 24 to 48 hours at temperatures from 98°F. Below 
compartment; at right is a vacuum oven which determines moisture 
in dehydrated foods. (RIGHT) Work bench showing vacuum d g 
Beckmann pH meter to test acidity of certain processed foods, | 


Mobile Food+esting Laboratory PreventsContaminated 














































Food From Reaching Soldiers 


By Colonel ROHLAND H. ISKER, Director, Subsistence Research Laboratory, Chicago Quartermaster Depo! 
Chief, Subsistence Section, Research & Development Branch, Military Planning Div., OQMG 


MOBILE food testing laboratory, 
A constructed earlier this year by 

the Quartermaster Corps to aid 
food processors in development of 
methods for eliminating spoilage from 
canned goods under storage conditions, 
has completed its initial circuit. Results 
were that potential spoilage was elimi- 
nated from nearly a half million dozen 
cans of peas, some of them destined for 
shipment to our soldiers overseas, and 
its presence detected in more than a 
half million others. 

“Flat sour” spoilage in canned goods 
is caused by a thermophile (heat-lov- 
ing) microbe which is active at high 
temperatures such as those under a 
tropical sun. According to the Office 
of The Quartermaster General, canned 
goods which may contain inactive ther- 
mophiles are harmless unless subjected 
to temperatures well over 100°F. 

Although it is the practice of Quar- 
termaster units operating with combat 
troops to get subsistence and other sup- 
plies under cover as soon as possible, 
conditions in tropical campaigns have 
been such at times that supplies of 
canned goods have had to be stored in 
the open, until sheds, thatched with 
Nepa palm or other local materials 
could be provided to protect them from 
the sun’s direct rays. Operation of the 
traveling laboratory assures that a min- 
imum of the food shipped into such 
areas carries with it the “flat sour” 
thermophile, 
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Designed after extensive tests in the 
Mojave Desert had shown that food 
cannot be kept at temperatures higher 
than 130°F. and that even at 100° in 
the hot sun the “flat sour” thermophile 
will go to work, the mobile laboratory 
is set up in a large truck-trailer of the 
same size and type as the Quarter- 
master Corps mobile shoe repair and 
clothing repair units now being used in 
overseas theatres. It is insulated and 
air-conditioned for better control of at- 
mospheric conditions which might pre- 
vail during work in the field, and is 
staffed by experienced officers and food 
technicians from the Quartermaster 
Corps Subsistence Research Laboratory 





The Quartermaster Corps Mobile Chemical & Bacteriological Laboratory. It is constructed on 
ton Army type trailer-truck chassis, of the same size as those used for Army shoe and clothing 


at Chicago. At this writing, it 
used 
processing industries to prev: 
shipment to troops of food whi 
be of no value to them upon 
or, if eaten, might put the mer 
action for several days. 
Presence of the “bug” itself 
inactive state, is harmless to | 


Only the effect of its activity uy 


contents of the cans in which 
become active 
“flat sour” is applied to the f 


contamination caused by this par 
thermophile because cans so ¢ 
nated do not bulge at the ends 

Continued on pa 


units overseas. It is insulated and air-conditioned, and equipped with the finest food-testing 


in similar studies in ohté 
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I. INTRODUCTION 











N re cnt years, manufacturers of 
[= renerating equipment and 

ma! cturers of automatic-control 
equipn for steam generators have 
done much to complement the efforts of 
each other, the first to make the steam- 
generat 'g equipment more controllable 
and the latter to make finer control 
equipme iit. eed 

Most steam generators being installed 
at present have either forced- or in- 
duced aft fans, or both — many 
equip} with dampers and many 
driven by steam turbines or constant- 
speed motors through electric or hy- 
draulic coupling drives for control. It 
has been found economical to use a 
variable-speed drive rather than damp- 
ers with a constant speed drive, if such 
drive is controllable through a suitable 
range of capacities. 

The characteristics of all of these 





drives are similar. They accelerate rap- 
idly and decelerate slowly at low 
speeds; and they do just the opposite 
near top speed. They differ primarily 
in their designs and, consequently, the 
verall accelerations and decelerations 
ifferent types or makes are differ- 
are also their inertia capacities, 
but they all approach their set speeds 
asymptotically and they closely follow 
exponential curve of acceleration. 
Moreover (and this is fortunate in 
the search for fan equipment to do a 
better job more economically) the newer 
fan drives are quite uniform in their 
characteristies, so that “proportional 
bands” may be estimated with reason- 
facility and accuracy. “Floating 
rates” also may be estimated but it has 
found that changing “floating 
rates” slightly may cause a marked 
liference in control, particularly if 
both forced- and induced-draft fans 
have variable-speed drives. 
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II. STEAM TURBINES 








(A) Steam turbine drives may be 
controlled either (1) through the gov- 
ernor on the turbine or (2) by a throt- 
tle valve in the steam line ahead of the 
turbine, allowing the governor to be a 
maximum-speed governor only. 

(B) Hydraulic couplings are ordi- 
narily used with constant-speed induc- 
tion or synchronous motors to obtain 
variable fan speeds. For control pur- 
poses they may be classified as (1) the 
scooy) type, on which a lever is moved 
to govern the load carried through the 
coupling, and (2) the pump type, in 
which oil is pumped in or out of the 

*Presented at the Symposium on Auto- 
mat Controller Adjustments, Industrial 
Inst ents and Regulators Division, Semi- 
nt Meeting of American Society of Me- 
y ir Engineers, Pittsburgh, Penna., June 
22. 
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/ djusting Fan-speed Controllers for Best Results 
in Boiler-plant Control Systems 


By DON BURNS, Control Division Engineer, The Hays Corp., Michigan City, Ind. 





coupling to change its load-carrying 
capacity. While the characteristics of 
these two types are similar, the method 
of control must differ, since on the 
pump type coupling there is no “refer- 
ence position” such as the lever posi- 
tion on the scoop type or the valve 
position on a steam turbine. 

(C) The electric coupling’s action is 
similar to that of the hydraulic coup- 
ling except that a rheostat arm is 
moved and serves as the positional 
reference. 

(D) Other drives may consist of 
variable-speed d-c. or a-c. motors’ and 
some mechanical drives, but these are 
seldom used. 


III. CONTROLLER AND DATA 


In order to bring out clearly the 
basis upon which the “proportional 
bands” and “floating rates” are set, a 
diagram of the controller is shown (see 
Fig. 1). This consists of a differential 
diaphragm assembly, actuating contacts 








=p by Fan oars Loadin 
Turbine = Constant of by 

oe eer ee 2% Other Controller 
<)> Pret 
| 
| — > 
| ee Bleed Valve 
i Hi} eos 

/) +> 

a é 4 — Volume 

Y bre FIG 4 


and loading means. The pressure or 
draft is connected to one diaphragm 
chamber and the “proportional” and 
“floating” mechanism of the controller 
is connected to the other chamber. The 
“proportional band” chamber, “floating 
rate” bleed valve, connecting tubing, 
piston and cylinder at the drive unit, 
and the valve in the steam line of the 
turbine, together with its linkage, com- 
plete the controller. 

It will be seen that the “proportional 
band” chamber is normally at atmos- 
pheric pressure and that the “propor- 
tional band” of the controller may be 
calculated closely by the relation of 
piston displacement to chamber volume 
since the pressure does not vary appre- 
ciably from atmospheric. 


P=bD/V 
P—“Proportional band”—inches water 
b —-Atmospheric pressure — inches 

water 
V—Volume of “proportional band” 


chamber—cubic inches 
D—Piston displacement for full travel 
of power unit—cubic inches 
To obtain a rough adjustment of 
“proportional band” for any given fan 
and variable-speed drive, it has been 
found that the chamber volumes may 
be arranged to give from 350% to 


700% of the control-point pressure. 
For example, a controller measuring 
forced-draft duct pressure at 2” water 
setting point, and controlling the speed 
of a turbine-driven forced draft fan 
by means of a valve in the steam line 
to the turbine, would have a “propor- 
tional band” chamber of about 260 in.3 
and a piston displacement of 4.5 to 
9.3 in.3, 

It will be noted that, for a given 
chamber, some adjustment in “propor- 
tional band” is available by adjusting 
the piston-rod crank radius R and 
power unit angular travel a. (In all 
three figures, the minima are 90° angu- 
lar travel and 1%” crank radius and 
the maxima are 135° angular travel 
and 2” crank radius.) 

These “proportional bands” are some- 
what beyond the “critical proportional 
band” but it has been found that if the 
valve does not have a linear relation- 
ship of flow to position, or if the link- 
age between the drive unit and valve 
is not set to compensate for valve char- 
acteristic, the system will hunt at one 
speed and remain stable at another. In 
any case, the wider “proportional band” 
will tend to stabilize the controller. It 
will also be remembered that seldom, 
if ever, is the controller called upon to 
use its full “band” since its boiler can- 
not (and is never required to) keep up 
with the agility of the fan. 

The horsepower, diameter and weight 
of the fan and turbine parts and speed 
of the fan do not necessitate too marked 
a difference in “proportional bands,” 
probably because today most fans are 
quite accurately figured and seldom is 
a case encountered where the fan is 
much too large for the job or where a 
steam valve of proper capacity cannot 
be obtained. 

Although the above discussion has 
reference to turbine-driven fans, the 
controllers for fans driven by hy- 
draulic and electric couplings would 
have about the same “proportional 
bands” and will come within the ad- 
justment shown in the following table: 


Chamber capacity (incl. 


tubing) cubic inches... 489 258 181 142 104 

Piston displacement 

euble inches ............ ; —4.5 to 9.3 

‘*Proportional ) (Min. 3.6 6.9 10.0 12.6 17.2 

band’’ in. water { )Max. 7.6 14.5 20.7 26.4 36.1 

% setting point }) {Min 360 345 333 315 344 
{ ) Max 760 725 690 660 722 


“‘prop. band’’ 

The case of the pump type hydraulic 
coupling will be discussed later since 
its control involves only a change in 
method, not in constants. 

The range of adjustment of “propor- 
tional band” having been determined 
by calculation and made a character- 
istic of the controller at the factory, it 
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is unnecessary for the user to worry 
about this not-too-well understood 
phase of the controller. He is called 
upon only to adjust the “floating rate” 
bleed valve and the crank radius, which 
becomes a relatively simple ‘operation. 
(The angular travel is set accordingly 
to the installation drawing.) He is told 
to close the bleed valve, then open it 
about one turn and note the operation 
of the fan, in increments of a half- 
turn, keep opening the valve and noting 
performance until hunting occurs, and 
then close the valve one turn and 
lock it. 

In general, the valve will finally be 
from two to six turns open, depending 
largely upon the control-point pressure 
and the performance of the fan, requir- 
ing from thirty seconds to three minutes 
for the chamber pressure to bleed to at- 
mospheric pressure on a 20% speed 
change. 


IV. “LEADING” AND “FOLLOWING” FANS 


A boiler’s fan equipment sometimes 
consists of a variable-speed forced- 
draft fan for suppying combustion air 
and a variable-speed induced-draft fan 
for removing products of combustion. 

The control system may, for example, 
be set up so that the forced-draft fan 


speed is controlled from fuel/air ratio 
and, in order to remove the products 
of combustion, a constant furnace draft 
is desirable, which means that the in- 
duced-draft fan must speed up or slow 
down with the forced-draft fan. Thus, 
we can say that the induced-draft fan 
is the “following” fan since it “follows” 
the forced-draft fan. Then, the forced 
draft fan is the “leading” fan. 

It will be seen that in order to hold 
furnace draft constant, the acceleration 
of the forced-draft or “leading” fan 
must not exceed that of the induced- 
draft or “following” fan.* Likewise, it 
will be found that both fans will affect 
air flow more or less, according to fac- 
tors in which we are not at present 
interested. Thus, we have two control- 
lers controlling, to some degree, one air 
flow; and unless some care is taken in 
adjusting the “proportional bands” and 
“floating rates” of the two, a disagree- 
able if not violent hunting will occur 
as they get out of phase. 





*EDITOR’S NOTE.—The word “follow- 
ing” as used by the author does NOT imply 
lagging behind the “leading’’ fan. The idea 
is that both fans should accelerate and 
decelerate simultaneously, as if linked to 
each other by a mechanical gear train 
which is adjustable for ratio but is free 
from backlash and inertial effects —MFB 


Here again, then, “prec; 
the “proportional bands” of ¢ 
lers is of value. The contro 
leading fan is so arranged ; 
a noticeably wider “proporti: 
(usually about double) beca 
necessity for holding down it; 
tion; and because if one of th 
controllers is stable, it wil! 
other to be stable. 

This expedient is not alw 


factory, 


however, 


since if 


changes suddenly by reason of 
load swing, and if the fuel ; 
oil (one in which no apprecial 
curs) an undesirable change i: 
ratio may occur until the fa 
come to balance at the new 


rate. 


It therefore is desirable to } 


“leading” fan change its speed as 


ly as possible and simultaneous), 


the “following” fan controller i; 
direction and how much its change 
even before it (the “leading” fan 


reached its new speed. 


To accomplish this end, the driy 
on the “leading” fan automatic-c 
means is fitted with an extra pist: 
cylinder which is connected wit! 


“proportional band” chamber 


Continued on page ? 


Empirically-determined Adjustments for Proper Control 
of Oil Outlet Temperature of Double-pipe Chillers’ 


By MARTIN H. WHITE, Chief Instrument Engineer, Atlantic Refining Co., Philadelphia, Pa. 


of 23 Carbondale double-pipe 

chillers as installed in the Par- 
affine Division of The Atlantic Refin- 
ing Company’s Philadelphia Refinery. 
The purpose of this installation was to 
chill the so-called “wax oil,” prepara- 
tory to dewaxing in the presses. 

By referring to Fig. 1 the oil flow 
may be traced from the warm oil tank 
to the reciprocating pump which raises 
the pressure to about 600 lbs./in.? and 
discharges into the supply header which 
feeds the 23 chillers connected in paral- 
lel. From the header the oil flows 
through the control valve, then through 
the chiller to the return header and 
then to the cold oil tank. 

Brine is circulated by a centrifugal 
pump from the brine tank through the 
brine cooler of the refrigeration ma- 
chine to the supply header and then 
through the chiller, counter-current to 
the oil, and back to the tank by way of 
the return header. Normally there are 
several brine coolers operating in par- 
allel on this brine system. 

Before automatic control was applied 
to these chillers, a hand-operated needle 
valve, located where the control valve is 


A BOUT thirty years ago a battery 





*Presented at the Symposium on Auto- 
matic Controller Adjustments, Industrial 
Instruments and Regulators Division, Semi- 
annual Meeting of American Society of Me- 
chanical Engineers, Pittsburgh, Penna., June 
20, 1944. 
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now, was used to control the outlet 
temperature. This manual operation 
required the full time of an operator 
for the 28 chillers; and the oil outlet 
temperature of any individual machine 
was likely to vary 5°F. or more from 


When we begin to investigate the pos- 
sibility of applying automatic contro! 
to this process, the greatest obstacle 
encountered was the process dead time, 
which was of the order of ten minutes 
This was caused by the fact that the 
























































FLOW DIAGRAM 
WAx O'L CHILLERS 
FIG. 1 
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the desired temperature. The saving 
feature of the operation was the fact 
that all the machines discharged into a 
common tank, so that the resulting 
temperature was usually fairly con- 
stant. The oil inlet temperature is about 
70 to 75°F. and for most dewaxing the 
outlet temperature is held at 18 to 20°F. 


throughput rate on each mach 


only about 15 g.p.m. The logical 
tion from the purely control viev 


seemed to be to hold the oil flow con- 


stant and put the control valve i 


brine line. 
There was, however, one serious 0b 


jection to this method. The operation 0! 
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was such that the limiting 











ft a ge oduction was the refrigera- 
Policr of the yn avai le. This made it necessary 
| 85 to have padjust “e oil throughput rate to the 
tional bang Mlmbfrigera’ Os rather than to adjust the 
ca of thelmmefrigera’ 00 to the throughput. 
its acceler, A Therefo’’, in order to utilize all the 
the two fan fimbvailable “ooling capacity, it was de- 
ill help thoflmmded to the control valve in the oil 
ine as wn in the flow diagram. 
IW Satis.gmpince U was considerable doubt in 
f the fucl[mpur mine’ as to whether this method 
Of @ suddenimrould gi the desired control Lar t., 
1 is gag ofmgn experimental installation was made 
able lag og.qgpn one chilling machine. The results 
In fuel/air impbtained oved so satisfactory that all 
fans hayes chillers were later equipped with the 
2W air-floy mmpame CO ols. 

It was obvious from the magnitude 
© have theympf the in the process that a fairly 
od as rapid. fride “1 portional band” setting and 
usly signg) fe slow © eset rate” or “floating rate” 
er in what qrould be required. Floating control was 
hange was gmpecessar because load changes oc- 
” fan) hag ggeurred rather often in the form of 

hanges in brine temperature and wax 

drive unit deposits building up on the oil side of 
tic-contro) fgthe chiller pipes. Fortunately, those 
piston ang goad changes usually take place slowly. 
with the §™ To obtain the data given here, one 
r on thedgchiller was selected and a pressure 
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1trol 
rs” 


e the pos- 
c contro! 
obstacle 
ead time, 
minutes 
that the 


recorder was connected to the air line 
from the controller to the control valve 
to show the controller action. This in- 
strument was set for maximum width 
of “proportional band” which is about 

4%, and had a “reset” or “floating 
time’ of 64 minutes. Fig. 2 shows a 
typical record of the temperature 
(right) and controlled air pressure 
(left) with these controller settings. 

The width of the “proportional band” 
was then reduced to 54% and the cy- 
cling record shown in Fig. 3 was ob- 
tained. This setting does not always 
produce this cycle, but it occurs fre- 
quently enough to indicate that the con- 
trol sensitivity is too high for normal 
operation. 

The “proportional band” setting was 
then changed back to 84% and the 
‘floating time’ was shortened from 64 
minutes to 7.3 minutes. This is a large 
reduction, but it was as small as could 
be made conveniently with this partic- 
ular type of controller. Fig. 4 shows 
how poor the control was with this 
setting. 

Fig. 5 shows the actual transition 
from a floating time of 7.3 minutes to 
me of 64 minutes. When the change 
was made the cycle stopped and the 
temperature record straightened out 
again. 


It is quite possible that a floating 
time adjustment of somewhat less than 
64 minutes would give the most desir- 
able operation but, with the slow load 
hanges encountered normally in this 
process, the present settings are satis- 
Tact 
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V. GAGING METHODS BASED ON 
VARIATIONS OF RESISTANCE 
(Continued ) 
$6. ELECTRIC CIRCUITS 
1. Series Circuits 


The most elementary form of eleetric circuit used with 
resistance-type gaging elements is the series circuit, in 
which the gaging element is placed in series with a source 
of electric energy and an instrument to indicate (or record) 
the current through the element or the potential drop 
across it. Its arrangement is similar to the series circuits 
described in connection with the variable-capacitance and 
variable-inductance elements (see Fig. 25 and Fig. 46). It is 
a less elegant method than that of the bridge or balanced 
circuits, but because of its simplicity is widely used. 

The basic series circuit is shown in Fig. 79. Its com- 
ponents are these: a source of electric energy of constant 
value, the gaging element itself, and a current-measuring 
instrument. In the diagram, the gaging element is the 
variable-resistance element R, the current-measuring in- 
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strument is indicated by G, and the source of electric 
energy is the battery E. With this form of the circuit, the 
criterion of change is the value of the current flowing; 
it therefore is necessary to maintain the applied potential 
at a constant value. In this diagram the battery FE is 
assumed to maintain its potential constant; in actual prac- 
tice a lead storage battery, if kept well charged, will serve 
for most applications. 

Although the circuit diagram indicates that direct cur- 
rent is employed, alternating current can equally well be 
used, if the indicating instrument is sensitive to a.c. But 
then it is necessary to insure that the impedance of the 
gaging element have no reactive component. 

This basic series circuit is subject to certain disad- 
vantages, of which the most serious are these: (1) the in- 
dicating instrument does not indicate zero current for zero 
movement, nor does it discriminate between different direc- 
tions of movement; (2) the current required from the 
source of energy is variable and therefore difficult to 
regulate; and (3) the calibration of the device is not linear 
unless a tapered resistance element is employed. All three 
of these difficulties are resolved if the indicating instrument 
is so connected as to indicate the potential drop across the 
primary element (or a portion of it) instead of the current 
through it. 

A diagram for such a circuit is shown in Fig. 80. Here 
the primary element is connected as a voltage divider 
instead of as a rheostat; the current through it is constant. 
Along this primary element the potential drop occurs in 
direct proportion to the resistance present; between any 
two points the potential existing will be proportional to 
their mechanical separation. An instrument indicating this 
potential will likewise indicate the distance between the 
points of contact. If the instrument is connected between 
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ELECTRIC GAGING METHODS 


for Strain; Movement, Pressure and Vibratio 
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one end of the element and a moving contact, it in 
movement measured from the end of the elem if 
nected from the center of the element to a movi. ¢ co 
the instrument can indicate movements in eithe: di, 
from the central position, and (if the instrum« an 
indicate polarity) can indicate both direction an 
movement. It is assumed that the indicating 
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draws no current from the circuit; if the resista:ce of 4 
instrument is many times higher than that-of gagin 
element this requirement is approximately satis! 

Series circuits are best applied to movi) v-contg 
elements; when so applied they can be made to perfonm” 
simple computations as well as to measure mavnitud@i’_, 
An especially useful modification of the circuit of Fig, y = 
results if a shunt is applied to the moving-contac: cleme a 


or to a portion of it;178 a typical arrangement is illustrate rf tl 
in Fig. 81. 
The circuit of Fig. 81 differs from that. of Fig. 80 on) 
in that a shunt is applied to a portion of the s!ide-wird 
Effectively, this shunt reduces the potential drop per y 
length along this slide-wire by an amount equa! to th 
shunt factor and, since the indicating instrument measure 
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Mr. Roberts is preparing the forthcoming articles 
of his serial, which will describe “Recording Devices.” 
Manufacturers and other persons having informat 
on little-known instruments (or on novel gaging 
plications of well-known instruments) are co y 
invited to communicate directly with him, Address: 

H. C. Roberts, Association of American Railroads, 
59 East Van:Buren Street, Chicago 5, Illinois. 
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potential ier. the sensitiv ity along this shunted p 
reduced tyy the same factor. (The potential drop across the 
entire resistance element must be maintained at the proper 
value.) Such a shunt makes it possible to provide two dif: 
ferent sensitivities along the same element; the calibration 
curve will have two intersecting straight-line | 
Alternatively, a shunt may be applied across the entire 
resistance element to control the sensitivity of the unit; 
when this is done the current flowing through the circuit 
must be maintained constant rather than maintaining the 
applied potential constant. Other applications are ayarent. 
These circuits, because of their simplicity, are deserved) Mov 
popular. They require, however, accurately controlled excit- 
ing energy. For the circuit of Fig. 79 the voltage a} 
the circuit must be maintained constant, while for th 
circuits of Fig. 80 and Fig. 81 the current flowing through - 
the resistance element must be maintained constant ( whicl 1; 
is equivalent to constant potential app'ied across tie re 
sistance element). Of the several methods.and devi 
ployed to provide regulated current or potential, t! 
widely employed are these: for alternating current ply, 
constant-voltage transformers* or regulating resistors’ ma} 
be used, or a regulating circuit employing a cold-cathoa 
gaseous tube may be set up to provide small amo1 
a.c. For d.c., electronically regulated power supplies and 
gaseous regulator tubes* are often employed. Regu ati 
bridge circuits incorporating non-linear elements a1 
for either a.c. or d.c. A regulating bridge circuit179 « 





*These are commercially-available units, 

(178) P. G. Jones and H. F. Moore. An Investigation Mi 
Effect of Rate of Strain on the Results of Tension Tests of Is F 
Proceedings American Society for Testing Materials, Vol. 4' 
pages 610-624. 

(179) E. J. Casselman. Automatic Voltage Regulator 
tronics, Vol. 14, October 1941, page 54. 










scent lamps as non-linear elements is shown as 

















mor INC 
ry BA circuit employing a fluorescent lamp as a cold- 
shode » seoug regulating tube18® is shown as Fig. 82B. 

O} . Fig. A, if 190-ohm resistors and 75-watt tungsten- 
bamet ips are used the output voltage remains between 

9 and volts for input voltages ranging from 90 to 130 

‘ Its g. 82B if a 15-watt fluorescent bulb is employed 

t 1 Indices 
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Sti r of tt = $ 

f the gag 5 sual 
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xf hee customary reactor, an output of about 10 watts of 


regulated a.c. is available, with its voltage deter- 
by the turns ratio of the transformer. Neither circuit 


t of Fig qe” . 
= |S ME. very efficient, but both are often employed because of 
A ox eir low first cost and simplicity. 

oi Is rate 


If the use of the measuring circuit is not to be continuous, 
ttery power can be satisfactorily used; it is only neces- 
‘y to provide a voltmeter so that the applied potential can 
be adjusted as needed. A circuit embodying such facility 
for adjustment, long used as a torsion-type dynamometer, !81 
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“— fet. shov as Fig. 83. In this circuit, a single pointer-type 
ie, nstrument is employed, and a two-position switch is so 
— connected as to make it possible at any time to check the 
articies co 1 
evices VY Wy. 
rm; 
cm Pe © Sinan 
ordia 
dd ess ig. 83 
ilroads, 
tential applied. In this circuit, the indicating instrument 
serves simply to measure the potential across that portion 
wt} of the slide-wire which is spanned by the contacts at any 
portion 3s a ° . : . . 
across thea me: By operating the checking switch, the potential across 
* neil the entire length of the slide-wire may be measured, and 
> two dita adusted by means of the variable resistance R. The applied 
alil ratte potential is adjusted until the indicating instrument shows 
_ Mi tull-scale deflection; then with the switch in the “Test’ 


position the deflection of the instrument indicates the posi- 





unit: ion of the sliding contact. In this circuit, the center position 
ie circuit f the pointer represents zero movement, and the instru- 
‘ning thei ment scale is graduated to correspond to the slide-wire. The 
pnarent a “ative length of the slide-wire in the device is less than 4", 
vel and the seale of the indicating instrument is 4” in length. 
ed exe Movements as small as 0.001” can be measured. 
»plied t Because of their simplicity, robustness, and ease of appli- 
for thea Cation, these series circuits have been widely used in the 
through measurement of movements in industrial (and other) ma- 
vhich  CUinery. As an accessory to a mechanical engine indicator, 


a slide-wire element has been employed to record electri- 
cally engine cylinder-pressures; 18? pressure gages have been 
constructed in which the deformation of a Bourdon tube or 
sylphon bellows causes a contact to move upon a resistance 
element.183 For the measurement of small differences in 
pressure, variable-resistance elements consisting of resist- 
ance wires dipping in mercury have been used in series 
circuits; these may be linear elements!84 or they may be 
circular elements like that in Fig. 66A. The rigorous con- 





180) M. J. Sweet. A Fluorescent Lamp Voltage Stabilizer. 
Nlectronics, Vol. 13, August 1940, pages 60 and 62. 
181) Anon. Johnson’s Direct-Reading Torsion 
eering, (London), Vol. 92, 1911, pages 605 and 606. 
2) D. F. Miner and W. B. Batten. Use of Oscillograph for 
Measuring Non-eleetrical Quantities. Journal American Institute 
"f ctrical Engineers, Vol. 48, 1929, pages 126-129. 
3) (General Electric Company.) New Aircraft 
ments. Instruments, Vol. 4, 1931, pages 129-130. 
1) H. Olken. Electrical Telemetering Instruments, 
pages 66-74. 
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ditions experienced in industrial or military applications do 
not destroy the utility of these elements; they have meas- 
ured the recoil of cannon!§5 and the rudder motion of war- 
ships;!*5® they have been applied to marine Diesel engines 
to measure vibration, expansive movements, and the motion 
of the valves;!%7 in stationary installations they have per- 
formed similar services.15* In the field of railway testing 
they have been installed on steam locomotives to indicate 
valve position for recording in a dynamometer car, and on 
cars to indicate the swing of the trucks and the motion of 
the draft-gear.'59 In the laboratory, they have been applied 
to measurements of strain in the testing of metals.!75 

The circuits just described, when employed with moving- 
contact elements, provide an indication of the motion of 
the contact in terms of the deflection of an indicating in- 
strument, and therefore require calibration to afford a rela- 
tion between movement and indicator deflection. Another 
sort of circuit, which can be employed only with moving- 
contact elements of the tapped-resistor form, requires no 
calibration if its output is recorded; it depends instead 
upon the mechanical spacing of the contacts, so that the 
calibration may be said to be built into the gaging element. 

If a tapped element is installed with its output current 
recorded upon an oscillograph, the trace produced by move- 
ment of the contact will be a series of steps, each step being 
produced by the movement of the contact from one step to 
the next. The heighi of the steps (on the record) is irrele 
vant; it is their spacing which is important. A change in 
direction of the movement will produce a change in appear 
ance of the record; they “step up” for motion in one direc 
tion, and “step down” when the motion is reversed. In Fig. 
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84 is a sketch of such a tapped element, and below it a 
sketch indicating the appearance of the record produced. 
Such an element can be applied to measurements of ex- 
tremely rapid motion and under rigorous conditions, as in 
the measurement of gun recoil.'%5 It is of course possible 
to interpolate between steps, and it is possible to space the 
individual contacts as close as } without sacrificing 
strength or performance of the unit. 

For measurement of movements of several inches, tapped 
elements of many steps are required, and it becomes tedious 
to count the many steps recorded by such an element. This 
difficulty is eliminated by a circuit first developed for re- 
cording the travel of the cross-heads of enclosed oil circuit- 
breakers.19° In this arrangement a long array of contacts 
is connected electrically to a group of resistance elements 
in such a manner that the stairstep pattern is a repetitive 
one; the contacts are 4%” apart and are connected in groups 


/ ” 
O() 


_of four, with the starting contact set apart. The resulting 


pattern is a series of four steps up with an immediate re- 
turn to the point of origin, and is repeated over each one- 
half inch interval. Quite close spacing of the contacts ac- 
companied by extreme ease of reading the record is thus 
made possible, and the accuracy of the device is high. It 





(185) H. L. Curtis and R. C. Duncan. The Use of the Oscillo- 
graph for the Study of Ballistic Problems. Physical Review, Vol. 
49, 1919, pages 183-184. 

(186) H. L. Curtis. Use of an Oscillograph 
Measurements. (Discussion.) Transactions American 
Electrical Engineers, Vol. 44, 1925, pages 264-274. 

(187) R. Sulzer. Recent Developments in Diesel 
struction: Electro-photographic Vibration Recorder. 
Institution of Engineers and Shipbuilders in Scotland, 
1932, pages 160-204. 

(188) Anon. Recording Hydraulic-Turbine 
tion. Power, Vol. 58, 1923, pages 446-447. 

(189) FE. A. Tulus. Tests on Mercury-are Portable Sub-station 
Car. Instruments, Vol. 7, 1934, pages 158-159. 

(190) L. F. Hunt. Some Practical Measuring Devices. 
actions American Institute of Electrical Engineers, Vol. 59, 
765-768. 
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can of course be applied to either linear or rotatory mo- 
tion. Fig. 85 illustrates the connections involved; below the 
circuit diagram is sketched the pattern recorded by the 
oscillograph. In this circuit the starting contact (‘0’) is 
so connected as to provide a deflection greater than that of 
any other, and the beginning of the record is therefore 
easily located. 

Moving-contact (or contact-closing) gaging elements in 
series circuits have been used to indicate or to control large 
movements up to hundreds of feet. In mine shafts, electri- 
cal contacts attached to air-actuated diaphragms have been 


employed to indicate the position of the moving cage in the 
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shaft!91 as the rush of air ahead of the moving cage closes 
the contacts upon which it impinges. Water levels are con- 
trolled in reservoirs through relays actuated by contacts 
which are controlled by the water level itself. The circuit 
employed is shown in Fig. 86; as each contact in its turn 
is closed the total resistance of the circuit is reduced and 
the current flowing is increased. (With the resistance val- 
ues shown, each contact adds 0.003 amperes to the total 
current flowing.) At the receiving end of the system a 
number of relays are connected in series, so adjusted as to 
close in succession as the current is increased. In the prac- 
tical installation, there is one relay at the receiving end 
for each contact at the transmitting end, and an extra relay 
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in a time-delay circuit to prevent contact chatter. The sys- 
tem operates over a telephone line several miles long; it 
requires only a few milliamperes of current at 150 volts 
potential. 192 

Contact-making devices used as detectors of position of 
an object, while a special case, should be described with 
series circuits. Although not in general use for precise 
measurements, such devices can be applied to measure- 
ments of the highest accuracy.193 More commonly, however, 
contact-making devices are employed with follow-up mecha- 
nisms for control or recording of movements.!°4 

Series circuits are most often used with moving-contact 
variable-resistance elements, since the resistance variation 
in these elements is from a minimum of zero to a maximum 
value equal to the total resistance of the element. With 
thermosensitive elements they are used only infrequently; 
these and stress-sensitive elements are more effectively 
served by bridge or potentiometer circuits. 

(191) 
Fordereranlagen. 
1930, page 1405. 

(192) FE. E. Norman. Resistors Watch Level in Water 
Reservoir. Electrical World, Vol. 120, 1943, pages 635-637. 


Anonymous. Ein neuer elektrischer Tiefenanzeiger fuer 
Elektrotechnische Zeitschrift, Vol. 51, October 2, 


System 


(193) P. E. Shaw. An Electrical Measuring Machine. Proceed- 
ings Institution of Mechanical Engineers (London), April 1913, 
pages 579-629. 

(194) L. A. Ware. Water-level Indicator. Electronics, Vol. 13 


1940, pages 23-25. 
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Null Bridge Circuits. 

Bridge or balanced circuits are the most se: 
circuits for measuring resistance, and are cap ble os 
highest accuracy. For these reasons, they are be.- fit, 
use with variable-resistance elements of the th crmpog,, 
tive or stress-sensitive types, in which the resista .« 
is small. Greatest accuracy with bridge circuit 
by the null methods, although these are much |; 
operation than the deflection bridge circuits. 

The principle of the null method is to balan: 
trical magnitudes against each other until the ind e 
instrument shows that current no longer flows; th eo 
of the unknown magnitude is then computed fror the ,e” 
tions of the known elements in the circuit. The acey» 
of the method depends primarily upon the accu: 
standard components employed. The energizing current , 
potential) need not be constant, or even known; no 
the exact sensitivity of the indicating instrument affec: ; 
result. Because the current flowing through the 
instrument is never more than a small fractio: 
through the rest of the circuit (and at balance is 
high sensitivity can be provided, either by employing |g; 
exciting currents or by employing instruments of high 
rent sensitivity. 

The most widely used form of bridge circuit is ; 
Wheatstone, a network of six conductors. The form of + 
circuit is shown in Fig. 87. The “arms” of the bridge ¢ 
cuit are indicated by Ri, Ro, Rs, and R4; E represer 
source of electric energy; and G the indicating (or in: 
ease detecting) instrument which may be an uncalibrat 
galvanometer. The circuit d 
its name from the fact that the 
Sk es dicator or galvanometer “brid 
S$ s the midpoint of the measur 
arms, and it is a characterist 
such circuits that at balance 
source of energy and the indica 
ing instrument can be inte 
without affecting the balan 
circuit. 

Another characteristic of bridge circuits, and on 
bears directly upon their applicability to gaging 
tions, has to do with errors due to connecting 
Changes in length or resistance of the leads connect 
bridge circuit to the source of electric energy and 
indicating instrument introduce no error if the circuit 
used in a null method, and only second-order erro 
deflection method is used. This is in contrast to the cond 
tion obtaining in a series circuit, in which all resistance 
whether in connecting leads or elsewhere, act in pr 
an instrument indication. 

The operation of the circuit can be deduced fr 
figure; at balance, no current flows between points 
B (the condition of balance), the potential drop across P 
equals that across R3, and that across Re equals that acros 
R,. If no current flows through G, the currents through 
and Re must be equal, as must be those through Rz and Ff 
This condition can exist only when aoa 
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R, /Ro = Rs /R4 the 
(If source and detector are interchanged, the relati no 
comes R,/R; = R2/R; and mathematically the two rela ” 
tions are equivalent.) For greatest sensitivity in use, |t m 
necessary that the impedance of the balance-detecting the 
strument bear the proper relation to the impedances of th 
arms of the bridge circuit. In most resistance-type gaging, 
circuits the impedances of the detector and of the brid ¥® 
arms are nearly equal. - 
In the application of the basic Wheatstone circuit to el eit 
tric gaging, it is necessary to consider the form ani t si 
action of the gaging element. For example, in an ins‘a Sy 
tion designed to measure extremely small changes in !'qu bing 
level, the primary element was a resistance-ratio movini di 
contact element, consisting of two bare resistance wire In 
ping into the mercury in the two arms of a U-tube m: ta 
eter. This element was connected into the circuit ir t! = 
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XXVil. THE PRINCIPLE OF CONVERSION IN 
INSTRUMENTATION 


The -implest application of electrenics, not only in the 























lows: the , , ; ; 
d from the geld of nstrumentation but in all industrial and communi- 
t. The acen, mation pplications as well, is in the use of the electron 
accuracy o¢ ube a5 3 rectifier. Nearly all electronic instruments involve 
ing curren: Mpmplifiers and such amplifiers require a source of compara- 
nown: nor amively gh-voltage direct current. This direct current is 
ment affec: sually supplied by diode rectifiers in combination with filter 
1 the *‘BBircuits to smooth out the pulsations in the rectified current 
raction of ayugupplic i by the tubes. Such filter circuits were described in 
alance is Mmm preceding article* and constitute a vital element in every 
mploying |,,plectron tube rectifier circuit. 
ts of | igh : 
cireuit IS ¢ Dec. INSTRUMENT Fig. 181. When a diode rectifier 
e forn of th in series with a d-c. instrument 
ae de , + tag omen across an a-c. circuit, 
"Se G e instrument will read the aver- 
represents +} NPUT age a-c. voltage. This is the sim- 
ng (or in th plest of all vacuum-tube volt- 
ie meters. 
1 uncalibrat, 
‘ircuit deriy RK 
ct that the j 
eter “bridges 
le =measuriy 
ieee CAPACITOR 
t balance ¢ 
1 the indica 
inter: lang 
alance of 
‘ 
id on C INPUT 
ying applica ¢ 
2cting 
mnnecting th 
rT and to th 
ding O-C. INSTRUMENT 
0 the cond 
nee " Fig. 182. A simple vyacuum-tube voltmeter using two diodes and a 
n producer capacitor. 
d fron When diodes are used in the direct current power supply 
Jints A ana circuits of electronic instruments, their application is no 
) across Pag different from that of any other industrial use where direct 
‘that acrog™ current is necessary. A rectifier, however, can perform 
throuch Pg other functions than as a source of direct current power. 
Rz and Re For example, a d-c. instrument in the plate circuit of a 
rectifier will indicate a current which is some function of 
the alternating voltage applied to the tube. Thus a direct- 
elation bee Current instrument may be calibrated as an a-c. voltmeter 
two rela SY merely applying various known alternating voltages on 
1 use. it ig the tube and noting the rectified currert passing through 
tecting the instrument. 
nces of the A circuit of this kind is shown in Fig. 181. An instru- 
pe gaging Ment of this kind will read average voltage. If the diode 
the bride Was a perfect rectifier having zero resistance the meter 
could be calibrated on direct voltage and used to measure 
it to clef either direct or alternating voltage. Actually, however, the 
2 and the Curvature of the diode plate-voltage vs. plate-current char- 
1 installa acteristic and flow of the plate current when the plate 
} in liqu voltage is zero (due to the initial velocity of electrons) the 
) moving direct voltage readings are different from the a-c. readings. 
vires dip-{— In order to keep the current small it is desirable to main- 
> manom- i tain a high load resistance and for that reason the resist- 
it ir the ance R is introduced. 
pag iden 
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ELECTRON TUBES—Their Principles and 
Their Instrumentation Applications 


S Seen By ANDREW W. KRAMER, Managing Editor, Power Plant Engineering, Chicago, Ill. 


The circuit shown is the simplest vacuum-tube voltmeter 
In this case the tube can be almost any kind of tube, not 
necessarily a diode. It can be a triode or multigrid type 
with all electrodes except the control grid connected to the 
cathode or negative filament. A type 30 triode with a flash- 
light cell for a filament supply makes a convenient portable 
unit. The indicator should be, preferably, a sensitive micro 
ammeter (0-100 microamps) but an 0-1 milliameter can 
be used with reduced sensitivity. 


Vacuum-tube Voltmeters 

The vacuum-tube voltmeter is one of the most generally 
useful instruments for the measurement of d-c., a-c. and 
r-f. (radio frequency) voltages. Its principal advantages 
over ordinary voltmeters are (1) high input resistance 
(negligible power taken from the circuit under measure- 
ment) and (2) good accuracy over a wide range of fre- 
quencies, extending with some tubes up into the ultra-high- 
frequency region. 

The type of circuit shown in Fig. 181 is, of course, the 
simplest of all vacuum-tube voltmeters. The more elaborate 
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Fig. 183. Calibration curves for the vacuum-tube volrmeter shown 
in Fig. 181. 
ones incorporate more than one tube, some as rectifiers, 
others as amplifiers to increase the sensitivity of the 
instruments. 

An interesting one, consisting of two diodes and a con- 
denser is shown in Fig. 182. In this case, the condenser cur- 
rent flows through the meter during only half of the cycle 
so the meter current is unidirectional. With a sinusoidal 
a-c. voltage wave, the condenser voltage varies between the 
values Em and —Em, where Em is the peak input voltage. 
The amount of charge that flows into the condensers during 
half a cycle is 2 CEm, and the average current through the 
instrument is equal to the product of this charge and the 
frequency, or 2 CEF, where F is the frequency in cycles per 
record. 

Simple diode vacuum-tube voltmeters of the type described 
are of particular value in the measurement of very hig! 
voltages when some flow of current is not objectionable. A 
typical calibration curve for the circuit of Fig. 181 is 
shown in Fig. 183. Using a large value of R, the calibration 
curves are sufficiently straight so that in the measurement 
of high voltage they may be considered straight lines pass 
ing through the origins and having slopes as determined by) 
the following equations: 

Poe Gfck .osr,. + «hs 1 
For a.c. Eae——2.22 RI... Z, 

The circuit of Fig. 181 indicates the average a-c. voltage. 
If it is desired to indicate the peak value of the a-c. volt- 
age it is merely necessary to place the instrument in paral- 
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Fig. 184. Vacuum-tube voltmeter circuit which measures the peak 
value of the a-c. voltage. 











4 +—41fh[i[1 
Fig. 185. Where it is necessary to measure very small voltages, the 


simple circuit of Fig. 181 may be followed by a triode amplifier 
2s shown here. 
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Fig. 186. Another form of yacuum-tube voltmeter circuit incorpo- 
rating a filter circuit. 


lel with the diode and introduce a capacitor into the input 
circuit as shown in Fig. 184. The input resistance is com- 
parable to that of the simple diode for equivalent sensitivity 
but the high-frequency error is less. The time constant of 
the RC circuit should be at least 100 for the lowest fre- 
quency to be measured. That is, 
RCF < 100 

where F is the resistance in megohms, C the capacitance in 
microfarads and F, the frequency in cycles. The resistance 
R may range from 0.1 to 1.0 megohms. 

Where it is necessary to measure very small voltages, 
the diode circuit of Fig. 181 may be followed by a triode 
amplifier as shown in Fig. 185. In this case the average 
plate current of the triode is proportional to the voltage 
drop across R and this, of course, is a measure of the volt- 
age being measured at the input terminals. If the resistor R 
is replaced by a capacitor, the capacitor charges to the 
peak voltage of the positive half-cycle of the applied voltage 
and the arrangement becomes a peak voltmeter. 

A slightly different circuit is shown in Fig. 186. In this 
case Ro and C2 act as a filter circuit to keep the alternating 
voltage from being impressed upon the amplifier grid. In- 
struments of this type cannot be damaged by the applica- 
tion of excessive input voltage since the plate current of 
the amplifier decreases with increase in input voltage. 


Degenerative Feedback 


A commercial form of the diode voltmeter is shown in 


Fig. 187A. This is a diagram of the General Radio Type , 


726-A Vacuum-Tube Voltmeter. As will be noted it resem- 
bles the circuit shown in Fig. 186 but has additional refine- 
ments. The self-biasing cathode resistor R; results in de- 
generative feedback which gives the amplifier greater sta- 
bility and results in the calibration being permanent and 
substantially independent of tube characteristics. 

A few words regarding the principle of degenerative feed- 
back may make matters more clear at this point. In an 
earlier article the principle of positive feedback or regen- 


Page 672—Instruments—Vol. 17 





AAAA 




















ic circu 
Radio 


voluneté 














eration was described. With regeneration, a porti 
output voltage of an amplifier is fed back into t! 
in such a way that the sum of the feedback voltag: 
original signal is greater than the origina] signa! 
alone. 

If, however, the phase of the voltage fed back to th: 
circuit of the amplifier is such that the sum of tl 
back voltage and the original signal voltage is less t! 
latter alone, the feedback is said to be negative 
action is termed degeneration. With degeneration th« 


amplification is decreased since the grid signal voltage is 


made smaller, but the stability of the amplifier 


greatly increased. The gain of the amplifier is made mor 
uniform over a range of frequencies despite the tender 
of the amplifier to discriminate against certain frequencie 
ts is @ppurpo 


The detailed action of degenerative feedback circu 
somewhat difficult to explain without recourse to 1 
matics but if one understands the fundamental fact 

involves the feeding back of a voltage out of phas: 
the input voltage in such a way that the sum of th: 
bined voltages is less than the input voltage alone, : 


: ficulty should be had in dealing with these circuits.* In 


circuit shown in Fig. 187-A the feedback is accomplis 
means of the adjustable resistor R; in the cathode 
amplifier tube. Fig. 187-B is a simplified diagram of th: 
plifier circuit in 187-A to show the degenreative effec 
the cathode resistor. If a voltage FE; is introduced into 
grid circuit, the plate current will tend to increase ca 
a voltage drop Ex across the cathode resistor in oppo 
to the introduced voltage. The net change in grid v 
is the difference between the two. If the cathode resist 
large in value, enly a very slight increase in plate cu 


is required to develop a voltage equal to the introduced volt- 


age. The net grid voltage, therefore, can change only s 
ly, and Ex must always be very nearly equal to FE. \\ 


ever the cathode resistor is large enough to bring #10! 
this condition, the change in plate current, indicated on t 


instrument, will be directly proportional to the intro: 
voltage and the tube constants will be of little import 

The same simple consideration shows that the sensit 
of the arrangement, considered as a d-c. voltmeter, c: 
changed by varying the cathode resistor. If this resist 
increased in value ten times, only one-tenth of the chan; 
plate current will be required to develop a given opp 


*Further aspects of degenerative feedback will be presé 
in a subsequent article. 
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I 188. Copper-oxide type of rectifier used in instruments. 


the plate milliammeter has a certain full-scale 


































SU sensitivily, consequently, ten times the voltage must be in- 
troduced into the grid circuit to cause full-scale deflection. 
For sufliciently high values of the cathode resistor, the 
full-scale voltage is directly proportional to the cathode re- 
sistance and depends only on this value and on the sensi- 
ve — tivity 01 the milliammeter. 
he Gaeeeal So much for the principle of degeneration. In the General 
10 Co. Type MRadio 726A Voltmeter the diode-rectifier circuit at the left 
A vac 1UM-tube : ie : we : 
eter of the diagram uses an acorn tube (955) built into a small 
nrobe at the end of a cable. The cable also carries the heater 
voltage to the tube as well as the rectified voltage being 
measured. The 955 acorn tube is a triode but it is used as a 
diode. The amplifier tube, T2 is a 6Q7. The power supply 
for the amplifier is not shown but this is supplied through 
tion of a Type 1-V half-wave high-vacuum diode rectifier. The in- 
the inpur Mfdicator has a range of 0.1 to 150 volts in five ranges 
gre » (15—5—15—150 V. full scale). The accuracy is 2% of full 
al voltage scale on all five ranges on sinusoidal voltages. 
From the foregoing consideration of the diode vacuum- 
0 the grid Mftube voltmeter, it will be seen that the property of rectifi- 
the feed. Mcation in a diode provides a unique way of measuring alter- 
s than the nating voltages. The vacuum-tube voltmeter is not confined 
e and the to the diode, however, indeed the more sensitive forms are 
the total based on the use of triodes. These will be described in the 
voltage is Marticle on amplification. 
r will b The principle of measuring alternating voltages by d-c. 
ade more instruments through rectifiers is not confined to the use of 
tendency M§tubes alone, however. In recent years, the copper-oxide type 





of rectifier has been used to considerable advantage for this 
purpose. By simply connecting a suitably-designed copper- 
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O mathe xide rectifier in series with a direct-current voltmeter, this 
ct that it @instrument can be adapted to the measurement of alternat- 
ase witl ng voltages, 
the com- The type 492A oxide rectifier manufactured by the Gen- 
», no dif- @eral Radio Co. for instrument applications consists of four 
* In the Mj copper-oxide rectifier units arranged in the form of a bridge 
lished by fJas shown in Fig. 188. Each of the four units consists of the 
e of the jtype of copper-oxide junction which has the property of 
the an unilateral conduction. The bridge is so arranged that two 
effect of fof the junctions pass current on one half-cycle and the other 
into the [J two pass current in the same direction on the other half of 
causing @the cycle. In this manner full-wave rectification is obtained. 
position Although high accuracy cannot be obtained when copper 
voltage xide units are used and their characteristics do change 
sistor is @with load and temperature, they are useful in making ordi- 
current @ ary routine measurements. Below 5000 cycles the frequency 
ed volt- error is negligible. With the units referred to above, if a 1 
r slight milliamper instrument of about 500 ohms resistance is used, 
When- #4 full scale deflection will be obtained with about 2 volts 
y about nm.s. across the input of the rectifier. Such copper oxide 
| on the rectifiers are widely used in combination a-c. d-c. volt- 
roduced hmmeters. 
rtanee From these few examples, it will be evident that the prin- 
sitivity tiple of rectification, though limited in scope, nevertheless 
ca be 1as considerable application in the field of measurement. 
stor Is Another use of the rectifier tube is that of an automatic 
in switch, as was described in the previous article in connec- 
p' tion with Fig. 180. The 84 type full-wave rectifier in that 
— circuit, it may be recalled, served as a switch for switching 
ASE A 





the indicator circuit from one side to the other. 
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Fig. 189. Circuit used in the control of theatre lighting by means 
of grid-controlled rectifiers and a saturable-core reactor. 


In control systems of various kinds the grid-controlled 
gas tube (thyratron) proves useful for supplying powe1 
from an a-c. circuit. A type of this control is shown in Fig. 
189 which is a circuit used in the control of theatre light- 
ing. In this case the alternating-current supply to the 
lamps is controlled by a saturable-core reactor. Rectified 
current from the thyratron tubes flowing through the wind- 
ings on the outside legs of the reactor core causes greate 
or less magnetic saturation of the core and so controls the 
alternating current flowing through the winding on the 
center leg of the reactor. The direct-current output of the 
thyratrons is controlled by a simple form of phase control 
consisting of a capacitor and a variable resistor. This cir- 
cuit changes the phase of the grid voltage in accordance 
with the setting of the variable resistor. With this form of 
control, lighting circuits of many kilowatts capacity can be 
controlled simply by means of a small radio type contro! 
knob. In the case of small amounts of power, the saturable- 
core reactor can be omitted and the lighting current sup- 
plied through the tubes. 


XXVIII. THE USE OF AMPLIFICATION IN 
MEASUREMENT 


Since the most outstanding function of the electron tube 
is that of amplifying, it is natural that the electron tube 
amplifier should find great, almost universal, application 
in the field of instrumentation. As an amplifier, the vacuum 
tube extends the degree of sensitivity of almost every 
fundamental method of measurement. 

As in the case of rectification considered in the preceding 
article, the most fundamental application of the principle 
of amplification in instrumentation is in the use of the 
triode as a vacuum-tube voltmeter. In this case the tube 
functions directly as an amplifier of the voltage being 
measured. 

A simple circuit is shown in Fig. 190. This is known as a 
grid rectifier type of voltmeter; it may be considered 
equivalent to the diode of Fig. 184 followed by a zero bias 
triode amplifier. The advantage of this circuit over that of 
Fig. 184, however, is that its sensitivity is greatly increased. 
The input resistance is low with small inputs (0.1 to 1.0 
megohm) because of grid current. This circuit is useful 
because it can be used with inexpensive instruments and 
can be calibrated from a known 60-cycle source. The scale 
is square-law from smal] voltages, becoming linear with 
increasing input. Another advantage is that the plate 
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Fig. 190. Fundamental circuit of the grid rectifier type of vacuum- 
tube voltmeter. 
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Here are the features of 
the D-8 Oster Motor that 
account for its popularity 


Housing: Die Cast Aluminum, open 
construction for natural ventilation. 
Totally enclosed housings available 
with reduced motor ratings. 


Finish: Black Anodized. 
Weight: 1 pound, 14 ounces. 


Bearings: High quality single shield- 
ed ball bearings lubricated with 
grease suited for any specific ap- 
plication. Bearing housings fitted 
with steel inserts. 


Mounting: Standard 114” Dia. air 
corps rabbet. 
M-19B 



















































































































Brushes: High grade metal graphite 
of ample size to assure unusually 
long brush life. 


Windings: Avaiiable in shunt, series 
and split series reversible, 12 and 
24 V., intermittent and continuous 
duty. Also furnished with series 
winding for use on 115 V. AC/DC. 


Temperature Rise: 55° C. Maximum 
frame temp. rise at rated load. 


Modifications: Special shaft exten- 
sions, mounting arrangements, leads, 
etc. . . . also furnished for opera- 
tion in high ambient temperatures 
and high altitudes. 


All data and ratings 
are approximate. 


Let us help you fit 
this or other Oster 
Motors to your 
requirements. 























John Oster Mfg. Co. 


Department N-19 ° 
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Fig. 191. In the vacuum-tube voltmeter circuit, the no-signa 
current can be balanced out. 


current is maximum with zero input, decreasing 4s th, 
input increases. Thus the instrument cannot be damzved | 
the application of high voltage. 
Further Considerations of Vacuum-Tube Voltn 
There are a number of vacuum-tube voltmeter circuits 
available, each having its own peculiar and particula 
merits but the general principles of operation are more 


less the same in all of them. A useful variation is show; 


in Fig. 191. This belongs to a group in which the n 
plate current present in the circuits previously described 
can be balanced out. An auxiliary battery is connected bagi, 
to the instrument through a variable resistor. This provides 
a controllable opposite current flow which can be mad 
exactly equal to the residual plate current of the tube. 

These vacuum-tube voltmeters are especially useful 
the measurement of small audio- and radio-frequency volt 
age where the use of ordinary voltmeters is unsatisfactorn 
because of the power they consume. As has been ex: 
the superiority of the electron-tube amplifier over al! 
forms of electrical amplifiers lies in the fact that t 
draws no electrons when it is maintained at a 
potential. It is evident, therefore, that a vacuum-tu 
meter properly designed can measure small variat 
voltage on the input side without disturbing th: 
circuit in any way. 

A wide-range vacuum-tube voltmeter is shown 
192. The input tube T, is biased to plate-current 
Tube T's is connected to the output of 7; to act 
amplifier. The type 80 tube provides the d-c. plate 
for tube 7;, but the plate voltage for T»2 is alt 
taken directly off the primary of the power transf 
Of course, as in any other case where a.c. is applied 
plate circuit of a thermionic tube, the tube itself act 
rectifier and half-wave rectified current flows in tl 
circuit. 

A series capacitor C; with a shorting switch is | 
in the input circuit to isolate d-c. voltages when des 
shunt resistance Re is provided to give the grid a « 
turn when C; is.used or when the external circuit ' 
furnish a d-c. path. Continued on 
) fe Tt? 
(24-A) (24-A) 
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Fig. 192. A wide-range two-tube vacuum-tube voltmeter with d 
amplifier. 

C,;—0.001 mfd. mica 

Co—0.001 mfd. mica 

R,;—10,000 ohm, 6-watt, wire-wound 

Re—1.0 megohm, 1-watt 

Rs—8000 ohm, 1-watt 

R4—15,000 ohm, 10-watt, wire-wound 
Rs—2000 ohm, 2-watt, wire-wound 
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“<1 UV cHeck THE TYPES AND QUANTITY 


Now-tight now—is the time to protect your post-war business by estimating 
your future equipment needs. Check those needs, list them and place a tentative 
post-war order with your jobber now. This foresight will enable him to stock 
the Triplett instruments you will need, and will assure you quicker resumption 
of civilian business than you could expect if you wait till the last minute. Give 


best priority you can obtain to facilitate deliveries as production is available. 


* 
Newly perfected developments now being 
produced on important wear contracts, 
and many other outstanding instru- 
ments, will be incorporated in Triplett 
offerings for the first time beginning 
; with our initial civilian production. Be 


sure you get the complete list of Triplett 


instruments and radio test equipment. 
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1] YEARS OLD AND 


STILL GOING STRONC! 


SOME INSTRUMENT “EXPERTS” said it couldn't be done when Taylor in- 


stalled the controls for Radio City’s huge air conditioning system back in 1933. 


Yet today, eleven years later, the system is still so outstandingly successful 


that NBC is running this ad in the trade journals telling how good it is! 








OL may not care a hoot about air conditioning. 

But if you’re concerned about instrumentation, 
this NBC setup should set your mind at rest on three 
important points: the dependability, versatility, and 
low cost of Taylor Fulscope air-operated controllers 
and Taylor temperature-sensitive tube systems. 
Here are a few highlights: 


1. Performance exceeded expectations from 
the very start. The 64 Taylor Fulscope Controllers 
in the central control room below provide individual 
temperature control for NBC studios and offices and 
Radio City retail stores—and temperature has con- 
sistently been maintained within plus or minus 15° F. 
For eleven years these Fulscopes se controlled and 
recorded the temperature of 23,000,000 cubic feet of 
air per hour, providing a complete change of air 
every 8 minutes. 


2. More than six miles of connecting tubing wer, 
required between the temperature-sensitive bul 
and instruments, with some of the tube system: 
long as 425 feet. An interesting example of NB‘ 
faith in this kind of system and our ability to « 
gineer it, is that they cemented the connecting tub 
permanently in the walls. 


3. The Taylor Fulscope is one of the most ver 
tile, flexible instruments ever developed. It wo 
have to be to do such a complex job. Today’s | 
scopes, thanks to continued improvement, are e\ 
more versatile. Yet they are essentially rugged ani 
long-lived because their action is inherently simp|: 
Maintenance is next to nothing. And first cost is lov 
for such an accurate, high quality instrument. 
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CANNON QUALITY CONTROL is our investment but you collect th 


dividends. Let’s see how. 








We mill all contacts to extremely close tolerances. You get the benefit of low 
voltage drop. We die cast fittings. You gain strength and save weight. We pio 


neered the split shell. You (collectively) save hundreds of thousands in the cost 


of wiring and assembly. 

All along the line we take extra care in manufacture. We test, inspect and 
check again. You have the assurance that, whatever else may fail, the Cannon 
Plugs you use are dependable. 





All that is worth a lot to you isn’t it? It’s our investment in your good will. 


CANNON ELECTRI( 


Cannon Electric Development Company Yor 
Los Angeles 31, California : 


Canadian Factory and Engineering Office: 


Cannon Electric Company, Limited, Toronto 


REPRESENTATIVES IN PRINCIPAL CITIES— CONSULT YOUR LOCAL TELEPHON 


World’s largest connector—Cannon 


DPL with 135 contacts. 


DP Connector Bulletin 
32 pages giving complete 
data. Free on request. Address 
Department A-123, Cannon 
Electric Development Com- 
pany, 3209 Humboldt Street, 


Los Angeles 31, California. 
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HE Civil Aeronautics Board has authorized its Safety 


Bureau to circulate a proposed revision of Part 24 of 

: Civil Air Regulations relating to Mechanic Certificates 

“ill. r comment by interested parties prior to final considera- 

bi by ‘the Board. The previously proposed revision of this 

rt, which the Board authorized to be circulated in May 

R 43, received such a meager amount of comment that it 
1G: 






























ot be considered to represent a fair cross-section of 
inion of the industry. Such replies as were received dis- 
d in general that proposal, particularly with respect 
he number of classifications and ratings. They did, how- 
agree with the need for a substantial revision of the 
sent Part 24. Since that time, considerable study has 
given to the subject and discussions have been held 
1 many interested parties, both within the industry and 
Civil Aeronautics Administration. The resulting modi- 
proposal which we believe incorporates the features 
nerally desired by both industry and government is ap- 
your consideration and comment. 

Those features upon which your comment is particularly 
ired are as follows: 


| ‘ f . 
nded for 


1, A mechanic certificate will be issued to any qualified 
pplicant and the attached rating record will show all of 
e ratings for which the holder has been found competent. 


* * 


4. In addition to the rating for light or heavy aircraft, 
irframes, and engines, mechanics will be rated furthe: 
ith respect to the following: (a) aircraft maintenance and 
ervice, (b) airframe repair and overhaul, (c) engine re- 
air and overhaul. 

In an attempt to conform to established practice, no sepa- 
ation with respect to airframe or engine is made in the 
maintenance and service category. Thus, the so-called “line 
mechanic” may perform maintenance and service work on 
ny part of the aircraft, whereas such a separation is pro- 
ided with respect to repair and overhaul. In this manner 
t is believed that examinations and tests can be provided 
0 cover the particular mechanical experience of an appli- 
ant and make it unnecessary for him to be examined on 
ork with which he is not familiar and for which he does 
not desire a rating. While the radio, instrument, or, propel- 
er mechanic will not be examined in any phases of the 
work which do not directly pertain to his specialty, he will, 
however, be required to possess sufficient experience and 
knowledge in his specialty to justify a first class rating. 

5. Instead of the previously proposed three classes, me- 
chanics are rated as first class or second class, as deter- 
mined by the amount of experience. Two classes are con- 
sidered sufficient since an appropriately rated first class 
mec] anic would be authorized to make the required inspec- 
ton and to return aircraft to service after major repair, 





Power plant 


M. F. Behar, Editor - 


Suggested Revisions of Part 24 of the Civil Air 
Regulations—Mechanic Certificates 


By JESSE W. LANKFORD, Director, Safety Bureau, Civil Aeronautics Board 


Paeticessittelenstetsttet4 Aerological 


Production Instrument- testing 
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overhaul, or alteration, which authorization heretofore has 
been available only to an Inspector of the Administrator 
or to an approved repair station. Furthermore, first class 
mechanics holding specific authorization from the Adminis 
trator may, in addition to the above, make the inspection 
required for the periodic renewal of the airworthiness cer- 
tificate. The second class mechanic, within the scope of his 
category ratings, will have all of the privileges accorded 
the presently certified aircraft or engine mechanic. 

6. Fully realizing that no rating system, however com- 
plex, can be made to cover all possible cases and thus pre 





EDITOR’S NOTE.—This important proposal deals only in part 
with instrument maintenance; therefore Instruments is omitting 
portions. Asterisks (* *) indicate every omission. Mr. Lankford’s 
full text is of course available from either the CAB or CAA in 
Washington. The main difference between these two agencies Is 
that the ‘Board’ deals chiefly with legal matters and the ‘‘Ad- 
ministration’’ with technical matters. We technical men seldom 
come in contact with CAB officials but most of us know CAA en- 
gineers, particularly Mr. O. E. Patton who is a famous specialist 
in instruments.—MFB 











vent a mechanic from performing certain specific operations 
for which he is not fully competent, we have attempted to 
avoid many unnecessary rules by the inclusion of the fol- 
lowing general service limitations: 


24.310 Service limitations. A mechanic may perform duties and 
assume responsibilities as a certified mechanic only ‘if he is com- 
petent by reason of previous experience with, or knowledge of, the 
particular operation and only if such work is done in accordance 


with the manufacturer’s specifications or the approved Manuals 
of the Administrator and the details of such work 
as prescribed by the Administrator. 
oa * * ik * 
In reviewing the attached proposed Part, it should be 
borne in mind that the rating structure has been prepared 
on the basis of the needs of the individual mechanic and the 
small operator rather than on the needs of the large organ- 
ized repair station or airline maintenance base. It is be- 
lieved that the large certificated repair stations and airline 
maintenance bases can be more appropriately handled on 
the basis of requirements for proper supervision and in- 
spection and appropriate personnel qualifications rather 
than on the holding of individual mechanic certificates. 


We should appreciate having your comment on the pro- 
posed revisions not later than December 1, 1944. 


SUGGESTED REVISION OF 
PART 24—MECHANIC CERTIFICATES 
24.0 Issuance 

24.00 Mechanic certificate. A mechanic certificate will be issued 
by the Administrator to any responsible person who demonstrates 
compliance with the minimum requirements prescribed herein. 

24.01 Rating record. A rating record showing one or more 
category and class ratings for which the holder has been found 
qualified will be issued in connection with a mechanic certificate. 

24.92 Ratings. 


ire recorded 
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Army, Navy and Air Corps 


DIALS AND OTHER DEVICES 


processed with 


PHOSPHORESCENT AND 
FLUORESCENT COMPOUNDS 


Materials processed with radium compounds 
glow everlastingly in the dark without activation 
from any outside source. 

We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected labo- 
ratory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 
First in Radium— Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 


Canadian 


RADIUM s URANIUM 


Corporation 
630 FIFTH AVENUE « ROCKEFELLER CENTER » NEW YORK 
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24.020 Category ratings, Category ratings ar 
* * * (h) instruments, (i) radio. 

Note See § 24.5 for definitions. 

24.9021 Class ratings. Class ratings are as follows 

(a) Second class. Issued only for aircraft, airfr: 
gine categories, 

(b) First class. Issued for all categories. 

24.03 Duration. Mechanic certificates will be 
duration for 90 days after the date of issuance d 
period they may be recalled or changed by the A 
Thereafter the certificates will have no expiration 
such date is hereafter fixed by the Board. Any sus 
voked certificate must be surrendered to the Admini 
request. : 

24.1 Minimum requirements. t: 

24.10 Age. Applicant must be at least 18 years of 

if Citizenship. * * * 

.12 Knowledge. Applicant must have a genera] 

of construction, functioning, inspection, maintenance , 

of aircraft, aircraft engines, propellers, or applian¢ th ha 
categories appropriate to the ratings sought. He m1 
familiar with such provisions of the Civil Air Regu 
their Manuals as are applicable. 

24.13 Experience. am 

(a) 2d class ratings. Applicant must have had at 
year’s practical experience or its substantial equivalent 
processes, practices, materials, tools, instruments, and 
generally used in the inspection, maintenance, ser\ 
overhaul, or alteration of aircraft, airframes, engine 
ances appropriate to the rating sought. 

(b) Ist class ratings. * * *. An applicant fo 
instrument, or radio rating must have at least thre¢ 
perience or its substantial equivalent with the processes 
materials, tools, instruments, and machinery general] 
the inspection, maintenance, service, repair, overhaul, a 
tion of that portion of the aircraft appropriate to t 
sought. 


I 
/ 
, 
4 





24.2 Tests. 

24.20 Kxaminations and tests. Written, oral, and 
examinations * * *, 

24.200 Reexamination, * * *, 

24.3 Privileges and limitations. 

24.30 Privileges and limitations. Any person may perf 
on an aircraft provided such work is performed under t 
vision of an appropriately certificated mechanic. A cert f 
mechanic may exercise the following privileges according to his 
ratings: * * * (h) Radio. He may supervise any 1 
pair, overhaul, or alteration of a radio and may returr 
craft to service thereafter if no other portion of the ai 
involved; (i) Instrument. He may supervise any majo ! 
overhaul, or alteration of an instrument and may retur: Y- ha 
craft to service thereafter if no other portion of the t 
involved. 

24.381 General limitations. A certificated mechanic w} 
ing as such must have in his possession his mechanic c¢ 
rating record, and an identification card satisfactory to 








ministrator containing his fingerprints, his picture, and rn 
nature. ihe hi 
24.310 Service limitations. A mechanic may perform dut lestin 
assume responsibilities as a certificated mechanic only if hé sd 
petent by reason of previous experience with, or knowleds Poe 
particular operation and only if such work is done in ac: subme! 
with the manufacturer's specifications or the approved } * BBactor 
of the Administrator and the details of such work are Si 
as prescribed by the Administrator. Ihat s 
24.3811 Recent experience. The holder of a mechanic cert ¢ Bmore 
may exercise the privileges thereunder only if, within th: hors W 
ing 24 calendar months, he has: (a) served as a mechani 7 
least six months, or (b) demonstrated to the Administrator that me a 
he is able to meet the standards prescribed for the issuanc the hers 
certificate and ratings, . 
resting 
24.4 Miscellaneous rules. Baal @ 
24.40 Military competence. An anplicant who is, or wa ” ~ 
in six months preceding application, an active member the 


Army, Navy, Marine Corps, or Coast Guarc on duty in 
regular service as a rated mechanic or specialist techniciar 
period of not less than one year, upon satisfactory accompli 
of the prescribed written examination on the Civil Air Regu! 
and presentation of a statement from the appropriate 
authorities attesting such rating and experience, will be 
to have met the requirements for issuance of a mechanic 
cate with ratings appropriate to his military rating «1! 
perienc ea, 





24.41 FEwisting certificates. A currently effective mechar 
tificate will continue in effect for a period not to exceed 18 
after the effective date of this Part, during which time th: 


may, upon application, be issued a mechanic certificat: ! e 
appropriate ratings provided for in this Part. 

24.42 Reports and records required. * * * 

OL Le 


24.43 Change of address. * * #*# 
24.5 Definitions. 
* * . . . 


, 24.506 Maintenance, service, repair, overhaul, and altera 


Maintenance, service, repair, overhaul, and alteration are dé 
in Manual 18. 
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pelea ham «e sub Cam submerge The Bowser-built Chamber is available with three temperature 
ranges, assuring you a model easily adaptable to your exact 
requirements. A complete line of accessory equipment, too. 


tl Ip 


























vh 
cer ¢ 
d * . . 
he high-to-low instrument testing range of Bowser-built 

= «ul Mesting Chambers is considerably greater than can be ob- HIGH-ALTITUDE CALIBRATION CHAMBER 
i ",. gained with the highest practical actual flight plus the greatest Temperature : 100° F. to +190° F. with auto- 
ry nee (Bubmerging depth. This permits a tested and proved safety matic control 
| Menusls factor—a priceless asset. Vacuum: to .bHg. Ab. 

That’s one big reason why instrument makers are turning Size: Free working space 24” wide by 24” high by 
aaah’ cs : ‘ 16’’ deep. 
cer * Bore and more to Bowser-built Test and Calibration Cham- NET APD ae 
t e ‘ 1s eid shetn alien and yeantivelity Humidity: 20% RH to 95% RH with automatic 
“t , BPets, W hich have demonstrat t eir efficiency an practicality control from +33° F. to +190° F. 
‘ator that time after time in actual operation. 
a ‘ MThere are other big reasons, too. For instance, chamber- COLD CHAMBER 

testing is much less costly—no expensive personnel, motor Specifications identical to Altitude Chambers except 
———F el, etc. In fact, a Bowser Chamber costs probably less than that no vacuum is provided. 
r of the Mesting a bomber one hour under actual flight conditions. 
involving MMoreover, chamber-testing is much quicker and immeasur- FLIGHT SIMILITUDE CHAMBER 
" " " Bbly safer. With automatic control of temperature compared to 
Eu Aggressive manufacturers are installing testing chambers .. . eT 
mS" Bot relying on laboratories already burdened with research CONSTRUCTION 
c cot. ork. Write for complete information or, better still, our Cold Wall Construction. Miulti-stage refrigeration. 
al \ ngineers will gladly consult with you. Full vision doors. Finger-tip control to +2° F. 
in 
~~ BOWSER, INC. 

Mobile Refrigeration Division 
420 Lexington Avenue, New York 17, N. Y. 
« 
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Not only has Bowser’s war production earned the Army-Navy E.. . Bowser equipment has helped eorn it for scores of other companies. 
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_at stake | 


be sure 


KESTER 


is the solder 


@® Nothing is a small thing in a precision instrument 
for measurement and control. No, not even solder. That’s 
why manufacturers recognize Kester Cored Solders 
as standard for the instrument industry. 


@ Kester Cored Solders themselves are precision-made. 
The patented flux is right in the solder in exact propor- 
tions. Thus core and solder are applied in the one quick, 
dependable operation to form a connection that holds 
tight under all operating conditions. 


@ Kester Rosin-Core Solder 
cal work. Its patented rosin flux will 
terminals. Fire hazards are eliminated. 


is standard for electri- 
not corrode 


@ Kester Acid-Core Solder is for general work. Be- 
cause of its patented core it will not leak nor will its 
flux gather moisture. 


@ Both Kester Rosin-Core and Kester Acid-Core 
Solder form connections that resist shock, vibrations, 
bending, twisting, expansion and contraction. Both come 
in a wide range of sizes and alloy and flux combinations 
to give you just the right solder for any job. 


Consult Kester engineers freely on any solder problem. 
They have 45 years solder experience to put at your 
service. 








vy BUY WAR BONDS x (Tegan) 
5) 
KESTER SOLDER COMPANY (Bi 
4216 en Ave., Chicago 39, Illinois | =a | 
Eastern Plant: Newark, N. J. (a 
Canadian Plant: Brantford, Ont. \_ KESTER "SoLveR 
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Service Engineer's Tube-conn 


Invention Speeds Hydraulic obs 


IMPLIFYING installation procedures in sg] 

a new type hydraulic tube connection which 
need of tube flaring and provides greater resi 
bration breakage has been developed by T} 
Martin Co., Baltimore, Md., and is being mad 
available through licensed manufacturers. Invent 
Holliday of the Martin Service Engineering | 
the new fitting is simple in design and can be f 
large quantities at low cost. Basic parts consist 
ting, a gland nut, a small metal collar and 
rubber sealing ring. The fitting is bored in fou 





eitum + ART en 


Connected with 
of 54” 


Ibs. 


a mew type Martin hydraulic fitting, 
diameter by 0.049” wall aluminum tube burst under 
in.2 pressure, but the fitting and joimt were unaffected 
away portion shows the principle of the new fitting in w 
rubber sealing is compressed with such force by turning 
glamd nut that it beads the tube and permanently seals the 


diameters, corresponding respectively from the c 
to the inside diameter of the tube, the outside dia 
the rubber 
of the gland nut, with the outside section threaded 
the gland nut. 

To install the new fitting, one 
nut, metal collar and rubber ring over the end of t 
in that order and inserts the tube in the gland as f 
will go. By turning up the gland nut, force 
the rubber 
tearing the ring. Since the sealing ring is complet: 
fined, and rubber is not compressible, the axial tl 
developed grips the tube and actually beads it. At t 
time, the rubber is forced into every crevice to forn 
fect seal and exerts an outward force on the gla 


locking the threads. The beading operation is foolp 


that after the proper bead has been accomplished, th 
nut bottoms in the fittings and further crushing of t 
is impossible. 

Torque required to install a %” fitting is 200 in.- 
aluminum and 900 in.-lbs. for steel. Pressure loss 


restriction is negligible by reason of the smooth cont 


the restricted area and because of a Venturi-like ‘“‘r 
cone” in either direction of flow. 


this p 


simply places th: 


ring and metal collar and the outside diamet 


is exert 
ring with the metal serving to keep the nu 
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For the TOUGHEST 
RESISTORS, ask for 
| 
| 
* Greenohms—those green-colored 
cement-coated Clarostat power resis- 
tors—definitely “stay put”. You find 
them today in the finest electrical, 
electronic and radio assemblies. They 
are TOUGH. Resistance is right to 
ia pecs start with—and stays right after 
er 5.00 Hf years of use and abuse. Yet they cost 
whict no more. 
ul 
ne Standard 10 and 20 watt fixed. 
—_ 50,000 and 1-100,000 ohms. Stand- 
ameter a 2td adjustable 25 to 200 watts. | 
diametell |-100,000 ohms. Brackets. Additional 
d to taki sliders available. Also available in 
special windings, taps, terminals, 
the gla mountings, etc. 
the tu 
fur asi . 
tod ot & Write for 
ni Literature... 
Te 
thrus Descriptive bulletin sent on request. Also sample 
t] t your test. Let us quote on your resistor needs 
“ 
al 
Ip 
sh 
f 
t ¥ 0 ee: i 


CUROS"AT MFG. CO., Inc. - 285-7 WN. Gt» St., Brooklyn, N.Y. 
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ER BY THE CLOCK—one mile ts 


ds in the air! 


FAR SHORT 


20 secon 


SPECIFY AIR EXPRESS. Get your ® 


the fastest way! 


IPPERS: Ship order 
asia ono shipping mee 


delivery: 


hipment 
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A Money-Saving, 
High-Speed Tool 
For Every Business 












With additional planes and space available for all urgent cargo, 3-mile-a-minute 
Air Express directly serves hundreds of U.S. cities and scores of foreign countries. 
And shippers nationwide are now saving an average of more than 10°o on 
Air Express charges—as a result of increased efficiency developed to meet 
wartime demands. 

WRITE TODAY for “North, East, South, West’— an informative booklet that 
will stimulate the thinking of every executive. Dept. PR-11, Railway Express 
Agency, 230 Park Avenue, New York 17, N. Y., or ask for it at any local office. 













Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
Representing the AIRLINES of the United States 









November 1944—IJ nstruments—Page 683 





ELECTRIC GAGING METHODs 


Continued from page 670 











manner shown in Fig. 88A, where the two var 
ance elements replace R; and R: in Fig. 87. T+ ree * 
are needed to connect this primary element t 
parts of the circuit and, as here connected, these adc ,, 
vide compensation against resistance changes 
temperature changes. Since the two leads conta 


in the measuring arms of the bridge circuit are s > 
— . exposed to the same atmospheric conditions, they 1 sutte 
the same changes in resistance, and the balance t] 


PRODUCTS. 




















> } Dirrerenriac 
zh R,2 Resistance 























cuit will be unaffected by temperature changes. Ih 
circuits, lead-resistance error must be compensated 
accuracy and high sensitivity are desired. 

To illustrate the sensitivity of the device just d 
it may be stated that with it measurements of 0.00 
possible. 195 


New ‘ 
Industr 
tains $ 


Ee the imperative demands 

of war, the processes and products of 

x Industry advance far more swiftly than 
in times of peace. 






In some locations it is necessary to install single 
resistance gaging elements at the end of long lea 





For example, Chace research and en- 


























gineering efforts have produced, Soe men nen y to provide — omer means of lead-leagt! ME! 
compensation. Two circuits often used in such applicat 
+ war use, new alloys for Thermostatic are drawn in Fig. 88B; electrically each of these is the basi 150 9 
Bimetals . . . so quickly responsive Wheatstone bridge circuit, but the mechanical arrang 
ment of the connecting leads is such as to compensat 
that aircraft may soar from tempera- changes in their resistance due to changes in surround 
tures of 130°F. above to 60° below in a conditions. When it is employed in measurement of ten % 
t matter of minutes—with complete re- perature changes, the active resistance element must bi 4 
posed to the unknown temperature, while the other 


liance on their thermal controls. in the circuit are maintained at some known temperatun 
Sut when such an element is employed to measur: 

the active resistance element alone must be allowed | 
perience the strain, while the compensating element 
sulated from it. In this application temperature changes 0! 
the active element must also be applied to the compe! 
ing element; otherwise temperature changes can alt 
balance of the circuit, and thus appear as strain phenomena. 

Many resistance-type gaging elements (especially 

sensitive elements) experience only a small changt 
sistance with the applied pheno 

In order to facilitate the detect 


Because of this increased sensitivity, 
the new alloys also permit the use of 

t smaller actuating elements; and there- 
fore smaller and lighter temperature 
responsive devices, where space or 
weight limitations require. 


a These and other Chace developments 


- + . ° : re 

may be vitally important to the effici- small changes in resistance, the basic scr 
. . Wheatstone bridge circuit can be mod “ee 

ency of your peace-time products. For dol te. tes Cometert*$ for trol 
among its many types of Thermostatic shown in Fig. 89. In this circuit t ising 
fixed resistors are introduced into theg 9°! 


k Bimetals, Chace has one exactly suited 


F measuring arms, so that the rangeg® W4) 
to your particular need. 


over which the circuit can be bal-f§ mak 
anced is reduced, but the accuracy off fact 
reading is correspondingly incre sed. § ther 
It is convenient to install a shunt in parallel with the slid 





For specific and confidential recom- 
mendations, write us detailing your 


yire s nsitivity j . With 
roblems. wire so that the sensitivity can be adjusted. V 
- shunt the slide-wire element can be graduated, for ire As 
WM. Co reading, and the inevitable small differences in char:ct the: 
istics of the primary elements can be eliminated by a ‘jus! 








*In the Carey-Foster method of measuring resistance ac tel 
the added resistances are interchanged during the measur nt 
for detecting changes in resistance values this interchangt not 
necessary. 

(195) I. B. Smith. Recording Small Pressure Difference yet" 
nal Optical Society of America, Vol. 12, 1926, page 655. 

(196) S. G. Starling. Electricity and Magnetism, Lo! ans 
(Gireen & Co., 1920. Chapter ITT 


Thermostatic Bimetals and So ial Alloys 
k 1609 BEARD AVE + DETROIT 9, MICH. 


5 2 8 Oe 88 ee 
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PSE id 
Z a 
— Burriing 
Ntained 
a Machi 
7 ACHUnHE 
@) ‘ 
ce Sha TA 
eee ew 
For WOOD - PLASTIC - METAL 
lg Why Th Basi 
" New circular explains, illustrates 18 ways in which the Mead y ese asic 
ted roof industrial Burring Machine saves time and money—also con- P . * » 2 
tains special Grit Guide. Every industrial plant needs this “Jack- rinciples of Micro Switch 
t Of-All-Trades” machine. Your burring can be’ doné in “free 
1.00 time’—install these machines by every machine tool which D g A y 
leaves burrs. Grinds, finishes both outside and inside cut-out esign ssure ou .. 
penings. Immediate delivery in most cases. Write for the in- . 
le ope ul . : rer) s ses. e e e . ° 
i formative Money-Saving circular now. Longer switch life than you will ever need 
“i ¢ Absolutely precise and accurate repeat operation 
pp MEAD SPECIALTIES COMPANY e 40 grams contact pressure—lightning-fast contact action 
is t iq D0 SO MARKET ST. Dept. 114-II, CHICAGO 6, ILL. = , eer i 
= ‘ | The Micro Switch design incorporates features that provide desirable 
arrange . a ee ee performance characteristics not geherally found in snap-action 
ensate f switches ... The heat-treated beryllium-copper spring bends (n the 
arroul same direction as the “Operating plunger—no reverse bends—no 
nt te} C mt ys “pilcan action... gives longer switch life—accurate repeat action 
aes 0 ra ¢ —increased contact pressure—lightning-fast action—millions of 
ze operations on minute movement and force differentials. It is the 
“ eZ, choice of design engineers for all types of sensitive instruments. 
pe itu 
ure st Le ' ! cial shape of these grooves, which 
y s 2 | reduces friction to a minimum. 
ved “ 
nent ‘ Se Stationary } 
nt is : : : oa contact is 4 
changes ak . : a a flat inlay oe 
, Teh eS | of 99.95 ie 
om prea cs — 3 fine silver. < ! . 
alt The beryllium -copper spring ismade This con- SY 
her é in one piece. It is gauged toanaccu- struction | 
rate.0085” thickness;hashighresist- assures 
lly ance to fatigue. Ends of compres- ample over-load capacity and maxt- 
12 sion membersare finished to provide mum heat dissipation. 
. an extremely low friction bearing. Operatia 
snomer Contact end of the spring is fitted mpd bea) 
tect You get far with a riveted radius type contact presose sh - 
he basil More from Hays Auto- of 99.95% fine silver. It moves at a ighly polis - 
the basic A : speed of 3/1000ths to $/1000ths ee 
“be mod. Matic Combustion Con- of a second with a rolling action Pin imbedded 
4] ; ; : : ¢ : i acc ) 
96 forn trol thanjust an accurate and extremely high pressure. aauiial stat 
reu statement of facts. You [Sy «Short spring shaped Bakelite 
9 tacC 1S ~ members piv- head. Provides long over-surface 
into t get a ontro ystem Ot in patented path to live parts, thus insuring free- 
he rang which automatically V-grooves of dom from electrical leakage. Plunget 
} hs |. . this sturdy head cannot rotate within the hous 
e Dal makes certain that the brassanchor. ing, insuring against any variatios 
uracy off facts are what you want .j Notethespe- in point of operation. 
cre ised yy 
the the 1 to be. if you would like to know more about the 
Vv, b il h . i] it l ° Micro Switch, send for the two Handbook- 
h sucl Your boiler room may show similar vital savings. Sencha Meena tane—bh, Oh, witht 
or direct Ask Hays to make a survey and recommendation— covers Micro Switches in general; and No. 
raracte there's no obligation and it’s usually worth while in 70 which deals with specific Micro Switches 
y a just savings. The new Combustion Control Catalog is wen ieee. _- 
ie te ful] of valuable data, write for it. Micro Switch is a trade name indicsting manufacture by Micro Switch Corporation 
urement 
- MICRO (ms; SWITCH 












Manufactured in FREEPORT, Illinois, by Micro Switch Corporation 
Branches: 43 E. Ohio St., Chicago + 11 Park Place, New York City 
Sales and Engineering Offices: Boston » Hartford + Los Angeles 
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How—COMPLETE 
PROGRAM CLOCK 
and 
SIGNAL SERVICE 


for 
YOUR PLANT 





STANDARD’S NEW SYNCHRONOUS MOTOR 
PROGRAM CLOCK now makes available, at low 
cost, efficient, automatic schedule control for small 
and medium-sized factories and offices. 


You get the following complete, flexibility of service: 


@ A self-contained unit, ready to plug in; auto- 
matically controlling all bell or buzzer in and out, 
lunch or rest period and special signals. 


@ Two or four programs of 12 or 24 hours. 


@ Signals automatically silenced during any 12 
or 24 hour period. 


@ Assists elimination of arguments about start- 
ing and quitting time. 


@ Can be used to operate existing bells, code- 
calling signals or paging systems — and in synchro- 
nism with time clocks and job and cost recorders. 


@ Powered by a heavy duty motor — the same 
as used in our well-known precision timers. 


@ Can be used as a master for controlling out- 
lying secondary clocks. 


@ Write telling us your program clock and signal 
needs — we’ll tell you how the new clock can solve 
them, at moderate costs. 


e 
Address Dept. I-29 


THE STANDARD 
ELECTRIC TIME CO. 


“Split-Second Measurement by Standard” 


SPRINGFIELD 2, MASSACHUSETTS 
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ment of this shunt. Or, if desired, this shunt cn be 
ployed to alter the operating ranges of the circu 

Instead of a continuously-graduated slide-wi) 
of multiple shunts have been applied to a fixed 
placing the slide-wire of Fig. 89. Exact resett 
made easy, and the cost of the unit is not ey 
The presence of switches in the balancing ar 
bridge circuit is not desirable, but since the res 
series with these switches are of large values, t 
ties from this source are minimized. 

Another form of shunt balancing has been wi ‘ely 
because of its low cost and its ability to provi 
range of adjustment. It involves applying a varia 
ing resistance across one of the two fixed arms of t 
circuit, and adjusting this shunt until balan 
tained.198 A switching device must be provided 
the shunt can be placed across the arms where it is 
—the one having too high resistance for balance. 
cuit is shown in Fig. 90. The advantages of the m« 
that it permits balancing over a wide range of 1 
values, and that it does not require precision resi 
its construction, excepting the decade shunt resista 
Like the other shunt-balance method, however, it 
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switching device in a measuring arm of the bridge circyit The 
Of the three forms of bridge circuit just described, thy . 
slide-wire Carey-Foster bridge circuit, if constructed anlilou ar 
applied with care, affords the best results. HC 204 
Another form of bridge circuit, the Kelvin bridge, a net ifusior 
work of nine conductors, is especially applicable to the comgmrcuits, 











parison of extremely low resistances.196 This circuit i 
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shown at Fig. 91. It derives its high sensitivity from the 
fact that the energizing current may be made extremely 
large, since it does not flow through the network of grad- 
uated resistance elements R,, Re, Rs and R4. (A fixed 
comparison resistor through which the energizing current 
flows is required, but this resistor need not be adjustable.) 
The large energizing current flows through the comparison 
resistor R and the unknown resistor X in series; changes in 
the magnitude of the energizing current do not affect the 
balance of the bridge. The four ratio arms are of high re 
sistance, and small changes in resistance of their leads are 
of negligible importance compared to similar changes i! 


the current-carrying arms. At balance no current flows W 

through the indicating instrument G, and to achieve this ro 

condition the ratio arms R;, Re, Rs and Ry must be ad the 

justed until the following relation is satisfied: ins 
X=R (R4/R,) * 

while at the same time ar 

R,/R4 = Ro/Rz or 

hy 


In electric gaging practice, bridge circuits of the Kelvil 
form are useful especially in these two instances: whel 
the specimen itself is the variable-resistance element, an¢ 
when the variable-resistance element must be attached to 3 
moving number with its electrical connections made throug! 
slip-rings. 


3. Thermosensitive Bridge Circuits. iN 
The bridge circuits employed with thermosensitive elé 


(197) Cc. O. Dohrenwend and W. R. Mehaffey. 
of Dynamic Strain. Journal of Applied Mechanics, Vol. 10 
pages A-85-A-92. 

(198) E. S. Carmick and H. B. Dodge. Use of an Electrical 
Strain Gage in Investigating Stresses. Journal American Society 
of Naval Engineers, Vol. 52, 1940, pages 557-570. 
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* S$ONIZATION GAUGE METER, TYPE HG-200 


y arrius of 
res 


vANCEs j 

8, t a Ifiey e . . 2 . 
{IS [) -tillation Products unit provides a method of measuring 

N Wi lely gg presses from 10° to 10° mm. It consists of an amplifying 

rovice a wi@ld yoli.ge-supply circuit specifically designed for use with 

aria) 'e shun sillat.on Products Ionization Gauge, Type VG-1A. The instru- 

3 of > bride ‘ lete—ready f -rati f a 115-volt, 60- 

| nt is complete—ready for operation from a 115-volt, 6 


‘ided SO ths cle li 
re cuit ATURES: 


nce, nis ° ep . . . 

e m ; CE The circuit that is utilized has proved reliable and stable in production sys- 
i NO 4q > a a 

of 7 i tems over a period of more than five years. 

seni “me The grid current is automatically regulated after the original setting. 
SISLOTS fo 


The amplifying section of the circuit is balanced with negative feed-back and 
» it nt gas-tube voltage regulations. 
» » PCs ME The crid and filament are thoroughly degassed by throwing a switch 


mae aa The unit is compact, portable, rugged, and durably finished. 
Scribed, th 


structed ang 


sistance unit 


rou are invited to write DPI—Vacuum Equipment Division—for details about the 
16-200 Ionization Gauge Meter; also about the 20 types of DPI high-vacuum 
ridge, a netifusion pumps, vacuum coating units, low-vapor-pressure fluids, greases, control 
> to the com rcuits, ond other items for high-vacuum technology. 

iS circuit jg 













lonization Gauge Meter, Type HG-200 







DISTILLATION PRODUCTS, INC. 


ieee VACUUM EQUIPMENT DIVISION 
ee | ROCHESTER 13, N. Y. 
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hanges ir 
ms 7 Whenever control problems demand performance beyond the 
oe the range of air operated mediums, the Askania Power Unit is 
st be ad 


the answer. This unit greatly extends the range of air operated’ “ 
instruments. 
The Askania Power Unit operates with existing air controls 

and supplies the added... Power... Speed... Sensitivity 

ond Accuracy Characteristics of the Jet Pipe Principle of 

e Kelvi hydraulic control. 

Ss: wher When you are confronted with control problems 

ent, and ... concerning erratic or shock loads requir- 

ing instantaneous power plus self-locking 
.. the handling of heavy loads or 

whenever excessive strokes are required... re- 

fer to the data contained in Askanic’s Bulletin 

No. 120, 
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MmIASKANIA REGULATOR CO. 
lec crical 4 

| Society 1605 S$. MICHIGAN AVENUE, CHICAGO 16, ILLINOIS 
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Stewart-Warner_reports on 
ELGIN Sapphire 


gem RING GAGES, formerly used to check shafts 
/ in a Stewart-Warner plant, were good for only 
250 gagings each. An Elgin Sapphire Ring Gage 
on the same job showed absolutely no wear after 
25,000 (100 times as many) gagings! 300 to 1 was 
their latest report on Elgin Sapphire Plug Gages 
used over a longer period. 

Because sapphire is the next hardest material 
to diamond, there’s no wear allowance necessary 
with Elgin Sapphire Ring Gages. They can not 
rust, burr, corrode or become distorted with use. 

Elgin Sapphire Ring Gages are mounted in 
plastic or brass and come richly cased. Sizes from 
.004” to .250” and in tolerances from .00020” down 
to .00004". Write for prices and more detailed 
information. 


ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVAN- 
TAGES FOR THE FOLLOWING TYPES OF EQUIPMENT: 


Ring Gages + Bearings » Thread Guides « Extrusion Dies + 
Diese! Injector Nozzles * Knife Edges * Spray Nozzles - 
Gages + Soft Wire Dies + Phonograph Needles «+ Cutting 
Tools for soft metals + Burnishing Tools for soft metals « 
Pressure Vessel Windows * Electrical Insulators * Watch 
Crystals * Honing Stones, 


America’s best equipped sapphire fabricator 


ELGIN NATIONAL 
WATCH COMPANY 


Sapphire Products Division 
. 4 932 Benton Street, Aurora, Illinois, U. S. A. 
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ments are of two general kinds; they may be 
stant-temperature circuits, or constant-current 
In the constant-current circuit, the electric c 
supplies heat to the filamentary resistance elen 
tained constant, so that the temperature of th: 
sitive element likewise remains constant (an 
remains in balance) unless the element is exp 
phenomenon which can change its temperatur: 
occurs, the rate of heat transfer from the elem: 
and consequently its temperature and its res 
change. The bridge circuit must then be balan 
ing the resistance of the graduated arms of the 
the indicating instrument shows that a conditio: 
obtains; the change in resistance required then 
the magnitude being measured. A circuit in 
same source of electric energy is used both fo. 
thermosensitive elements and for exciting the br 
is shown in Fig. 92A. In this diagram, a current 
instrument is placed in the same portion of the 


2 
r 6-2) 


— 





A Fic 29 R 


cuit as is the gaging element, and by means of tl 
ment the heating current is kept constant. It is not 
however, as shown in Fig. 92B, for the current t 
trolled by a non-linear bridge unit without any sepa 
vision being made for observation of its value. In 
arrangement, the two opposite arms of the bridg: 
are made of material with negligible temperatu 
cient of resistance, so that the current through 
mains constant. 

In the constant-temperature circuit, the bridge 1 
tains no provision for making a resistance balan 
operation excepting through change in the heatins 
flowing through the thermosensitive elements. An: 
in the rate of heat dissipation from these element 
fore, will destroy the balance of the circuit and, t: 
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nang 


st 


this balance, the heating current must be adjusted until th 


indicating instrument show 
flection. The change in rat: 
transfer from the thermo: 
element is therefore rep 
by the change in the an 
electric energy 


measuring instrument. A cit 
which this may be accomp! 
shown in Fig. 93. 

The constant-current circuit is frequently employ: 
the unit is to be used as a deflection bridge: if a c 
current supply is made available the device can b 
direct-reading or can be made to record its output 
graphic instrument—a moving-chart recorder or a1 
graph, depending on the required speed. 





The constant-temperature method is most used 
is essential that the instrument impart no heat (or a 
and constant amount of heat) to the subject of th« 
urement. The kata-thermometer, which measures 
cooling from a known temperature, embodies one a 
tion of this circuit.199 To be cor 


(199) British Medical Research Council. The Kata-t! 
eter in Studies of Body Heat and Efficiency. His Majest 
tionery Office, London, 1923. Part I, Appendix I. 


introduced 
may be observed upon the cu 
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PPparate pM @ Send for brief, attractive bulletin, 
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a known MICROMETERS (POCKET and DESK) 


1e meas PAPER BASIS WEIGHT SCALES 
rate of CORDAGE SCALES 
ay plica- ALUMINUM FOIL SCALES 
NUNES COMPUTING SCALES 
RUBBER ABRASION TESTER 


t Sta- DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


q MERCURY COLUMN GAUGES 
J 


AMTHOR 
: | TESTING INSTRUMENT CO. INC. 


‘| 8 <an Sinderen Ave., Brooklyn, N. Y. 
—_— «4 







































th GAERTNER 
TOOLMAKER MICROSCOPE 


for length, coordinate and angle measurements 


The Gaertner Toolmaker Microscope enjoys preferential acceptance 
in industries devoted to the production of precision parts. 


The instrument is widely used in United Nations war plants to 
inspect work in progress and finished work—to measure form tools, 
milling tools, drill jigs, templets and gauges, machine parts, taps 
and hobs—to perform the various thread measurements. 

It is an accurate, reliable and durable instrument incorporating fine 
machining and carefully adjusted optical parts. 


Send for Bulletin 147-14 


THE 
GAERTNER SCIENTIFIC CORP. 


1211 WRIGHTWOOD AVE., CHICAGO (14), U.S.A. 





The ONLY handbook of its kind 
MAINTENANCE AND SERVICING 
OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. & Mfg. Co., Newark, N. J. 


Reprints available 


INSTRUMENTS PUBLISHING Co., 
1117 Wolfendale St., Pittsburgh 12, Pa. 


Soup be of great value to all those 
whose problem is to keep in operation 


the electrical instruments on vital war pro- 


seueseannes 


duction as well as on war equipment. ES fe 


7 + Scopies of Maintenance and Servicing of 
Cloth, xii + 256 pages, 5 X 81% inches, = Electrical Instruments (at $2.00 each). 


274 illustrations. Se ee ee ene eee 
Price, $2.00 postpaid 3 Address 


Check, money order or cash must accompany order = City 
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You cnn Tora A Hote hysioe Oot / 


Sez Anounn A Corner / 
wich cle WAPPLER INDUSTRIAL TELESCOPE 


= 
Inspection problems in the 
EXAMINATION OF 
INTERNAL SURFACES 


may be solued by means of 
WAPPLER BORESCOPE 


This is a telescopic instrument containing 


* 






a lens system. The angles of vision for 
different type visual systems are shown. 
Borescopes range from .110” dia. x 334” 
long to .390” dia. x72”. Each instrument 
complete with conducting cord and spare 
lamp, and contains lighting circuit. Light 
source provided by batteries or direct 
connection to house current by means of 
current controller. 


Write for Booklet 


- INDUSTRIAL DIVISION, DEPT. O 


CYSTOSCOPE MAKERS 


Products 


OUTPU 
TRANSFORMER 
Hermetic- Sealed 
Glass Terminals 


MERIT COIL & TRANSFORMER CORP. 


4427 North Clark St CHICAGO 40, ILL. 
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ELECTRON TUBE PRINCIPLE 
Continued from page 674 


Voltage divider R; provides the means for a. ‘y+;,, 


external d-c. source so as to give the negati 
necessary to balance the voltage being measur: 
being indicated by the two-range d-c. voltmet A 
4%4-volt “C” battery is wired into the input. 
is to bias tube 7; to the plate current cutoff. 
justment of the plate current cutoff is acco) 
variation of the screen grid voltage, using R; a 

R; forms part of the output circuit of tube 
as the input circuit to T2. With T; operating 
the d-c. voltage drop across R3 is small. With ni 
age to 7,, tube To will be operating at maximum 
current which will be indicated by the milliamn 
plate current of this tube. A very small increa 
current of 7; due to a small voltage applied to 
will cause a relatively large increase in voltage d 
R;. This, in turn, will cause a sharp reduction 


flection of the milliammeter in the plate circuit T>, 


adjustment of R,, the milliammeter pointer can | 
back to its original reading or “false zero.” 

This vacuum-tube voltmeter is representative of 
class of circuits which use the amplifying or 
properties of tubes for this purpose. It is applica 
measurement of voltages of all types, direct or alt 
low or high frequency. 

At the A. O. Smith Corp. in Milwaukee, the elect 
voltmeter solved a rather difficult problem of measur 











Fig. 193. Showing the application of the : , 
electron-tube voltmeter in the measure- ' ' 
ment of the voltage of the welding arc 9 
a t+ 
45 VOLTS 


voltage across the are in electric welding proces 
electric arc welding the length of the arc is an im] 


factor in the production of uniform welds and since 


voltage across the are is a direct function of the 


it becomes desirable to check this voltage continual! 


pecially in training new men and for setting aut 
welding heads. It has been found that the voltage 

occurring when the are changes from the correct 
incorrect length is rather small; furthermore, thé 
circuit voltage of the welder is usually twice the ° 
when the arc is struck. Both of these factors make 

measurements of the are difficult with ordinary volt: 
so the electron-tubbe voltmeter circuit shown in F 
was worked out by W. Richter and this gives ver; 
factory results in this service. As will be noted, 

simple circuit using a single 49 dual-grid power an 
supplied entirely by dry batteries. By means of the 
divider R; Re only half of the are voltage variati: 


impressed on the tube. A “C” battery is provided fo! 


ing the bias on the tube so that different ranges may 


obtained. As shown, with two taps on the “C” batte: 
instrument covers a total range of 20 to 44 volts 
steps. 

These vacuum-tube voltmeters will serve to sho 
principles involved in this type of work. These circui 
particularly valuable in the measurement of ext 
weak voltages and where the variations are small. 
measurement of high-frequency voltages, the voltag: 
merely amplified and rectified so that they can be me: 
by a d-c. voltmeter; in fact, there is no other way of 
uring high-frequency voltages. 
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rte oO you Wan | 
b Vesta ° * | 
i on Making Moist 
mi ure ies | 
a ( ntr e 
e wi = 
= te * Accuracy is a prime factor in moisture testing . . . and the a The STEINLITE 
om m ple teinlite one minute moisture tester is consistently accurate. It One ante 
“a : a s built by a pioneer staff of radio engineers . . . operates on the opiate mona 
to the ing adio frequency impedance principle . . . and is calibrated 
2 drop aep sgainst the official method for each product. The fact that 
| the 4 ote ° 
" ~ nore Steinlites are in use than all other makes of electrically 
n be broug operated moisture testers indicates that industry recognizes the 
accuracy of the Steinlite. 
* es: It is neat, compact, light and portable. It is economical to 
ieable to ¢ operate . . . consuming no more electricity than a 40-watt | 
alternating bulb, It is successfully used on gun powder, cocoa, dehydrated 
—— foods, grain and a host of other products. | 
-asuring t} 
Ask our Engineers to belp solve your moisture testing problem. 
644 BROOKS BUILDING * a | 
a CHICAGO 6, ILLINOIS WAO cook oxi 
ae ee ee a ae 2 ae co MPAN ¥ .tovnnse” a 




















PRECISION BUILT MICROPHON 


UNIVERSAL’s microphones, from tiny ones to those of larger dimen- 
sions, represent achievements in the design, manufacture and assembly 






















of precision instruments. They must be accurate in every detail. 






That is why UNIVERSAL, since its establishment in 1928, has maintained 
its own tool division, its own test laboratory and research office. Nothing 
is left to guesswork. You may be sure that each model of UNIVERSAL’S 
microphone line is “geared” to serve a specific purpose. 








Postwar UNIVERSAL microphones will be adapted to factory and office 
inter-communication; for manufacturers who assemble units wherein a 
microphone becomes a component part; for ship to shore, plane to ground 
station and other two-way communications uses; for public address in- 
stallations and in various other ways. 










There are scores of uses in which microphones are indispensable. Our 
factory representatives are located in most of the metropolitan centers. 
Or you may write to the factory direct. Perhaps we can help you solve 
some sound communications problem. 







‘’ UNIVERSAL MICROPHONE COMPANY 


INGLEWOOD, CALIFORNIA 
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We hope you'll be in Pittsburgh on the 17th (or the 18th, 
19th or 20th) at the ICE INDUSTRY'S VICTORY SHOW. 
it will be at the William Penn Hotel and we think you'll 
find it both interesting and profitable to attend. Look for 
our booth (41). We want you to see our products and 


we'd like to help you with your instrument problems. 


PRECISION THERMOMETER AND INSTRUMENT COMPANY 


1437 Brandywine Street, Philadelphia 30, Penna. 


PRECISION INSTRUMENTS FOR INDUSTRY 








Light, 

Easily 
Handled 
Flexible 


/ 
4 





A reliable precision indica- 
tor especially designed for 
rapid, convenient and accur- 
ate measurement of internal 
diameters. 


Variations of as little as 0.00005” in size, out of 
round, and taper of bores can be quickly deter- 
mined. Hundreds are in daily use on production 
lines and in inspection departments on innumerable 
applications where close limits on size, roundness 
and straightness of bore are of prime importance. 


It can be set to any required size direct from | 


Johansson Gage Blocks or Master Ring. 


Write for Literature 


SWEDISH GAGE CO. OF AMERICA 


ALPINE AVE 4, MICH 
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POWER SUPPLY 
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Fig. 194. A push-pull circuit which functions as a wattn 
the measurement of small power. 
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Fig. 195. Another electron tube wattmeter circuit using a tube 
two symmetrical control grids. 


Electron Tube Wattmeter 


The principles involved in these voltage-measuring cir- 
cuits are subject to almost infinite variation and modifica- 
tion. The idea of measurement, of course, implies control 
and in many instances these electron-tube voltmeter prin- 
ciples have been applied in control systems. In special 
cases, the electron-tube voltmeter idea has been incorporated 
in an electron-tube wattmeter for the measurement of ex- 
tremely small power. In one instance of this kind a push- 
pull circuit such as that shown in Fig. 194 has been used 
The load current is measured by the voltage drop across a 
small resistance in series with the line and the load voltag: 
by the drop in high resistance across the line. The s\ 
the instantaneous values of the two component voltages is 
impressed on the grid of one tube and their difference o1 
that of the other. The microammeter in the plate circuit 
measures the power supplied to the load directly. 

Another interesting wattmeter circuit has been devised 
by T. B. Wagner by the use of a double-grid tube. As 
shown in Fig. 195, this tube has two symmetrical and there- 
fore equally effective control grids. A voltage proportional 
to the load current is impressed on one of the grids while 
the voltage across the load is impressed on the other. In 
this way the measuring instrument in the plate circuit is 
made to indicate the power in watts; indeed, it has bee! 
found that it will operate not only as a wattmeter but will 
give voltage, current or power factor as well. 


m of 


Direct-current Amplifiers 

It is obviously impractical to attempt describing a 
amplifier applications in the field of measurement 
work such as this. Electron-tube amplifiers can be us 
amplify weak voltages or currents for almost any pur)os' 
necessary. Various forms of portable amplifiers are avail 
able for industrial uses. Fig. 196, for example, is an 2-c.- 
operated direct-current amplifier. Its main function 
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Fig. 196, Schematic diagram.of the Type 715-A G.R. direct-curren' 
amplifier. 
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QUARTZ 
OPTICAL SPECIALTIES 


These new Mead Air Presses deliver 400 and 1200 Ibs. ———— —$———— ———= 
pressure respectively on 100 PSI. Handle many staking, 
crimping, assembling, and similar operations. Clearances 
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edit 4" and 714” respectively. With foot control these presses Supplying the Armed Forces is our job. The follow- 
‘4 will speed up countless bench jobs, save muscular effort. ing improved high-quality products are available 
De \ n . ~ . . . 
Write for new Air Power Catalog—just off the press. for advanced delivery dates to the instrument man- 
MEAD ufacturer, to help facilitate this war effort. 
ring cir- 
modifica. SPECIALTIES 
*S contro] COMPANY @ Babinet Compensators: the device to be used 
9 = sin: ieaansinin. Nasaamaeniien ateiaaiaie in aon ce quantity and — “ — 
>orporated DEPT, 114-JA ® CHICAGO 6, U.S.A. x ass and Tor measuring types Of polarize 
nt of ex. ight. 
| a push- 
er dete ® Retardation Plates: thin quartz plates for pro- 
ACrOSs a e ducing phase differences of the various wave 
1 voltage lengths of light. 
> sum of 
tages is | @ Polished Crystals: special quartz crystals for 
Fence on supersonic applications. 
> circuit 
P ® Bertrand Plate: a split phase quartz plate for 
aevised 
ub ‘ more accurate determination of plane of the 
d there n optical axis and the x-axis than can be accom- 
ortiona SIAIDOWS plished with a single polariscope. 
Is while 
he.» § tO BOXCARS 5 
rceuit is Look ahead ... but look to VALPEY for 
Wizard Electric Counters count crystals and specialties in quartz fabrication. 


anything that will operate a 
switch, relay or photo-electric 
cell. They are being operated by 
the sound of falling parts. May 
be located at any distance from 
the source of count. 






















See us first when problems arise in the use of quartz. Our facilities, 
geared to war, will be equally well geared for peace. Our business 
Is to apply the correct solution to your problem . . . just send us 
specifications and requirements. 





























urpose 
avail- Every part of. Wizard Counters is de- 
n ac. signed for electrical operation in heavy 
IS duty industrial service. Current draw is 
= B only 4 watts. Operates to 600 counts 
ments per minute. Has continuous duty coils. 
Hy 8 All working parts enclosed. 
8 Wizards are made in many types. For 
“@ suggestions tell us what you want to do. 










Catalog mailed promptly on vequest. 
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ADAPTABLE and DEPENDABLE 
RESISTORS 


Adaptability and dependability many types and mounting ar- 
of resistors assume primary rangements permit the meeting 
importance in the assembly of of load requirements in mini- 
large rheostat control units. mum space. Whatever your 
The wide range of resistance requirements you will find a 
values and capacities that can Ward Leonard Resistor that 
be built up from the Ward exactly meets your conditions. 
Leonard line is limitless. The Send for Bulletins. 


RELAYS + RESISTORS * RHEOSTATS 


Electric control w ) devices since 1892. 
Ward Leonard Electric Co., 38 South Street, Mount Vernon, N. Y. 









edage applies to heat and pH 
TAS eve tre feat Io Soden industry as much as 
it does te een For ACCURATE heat 
er pH control there is nothing to equal 
potentiometers. 


Potentiometers a @s accurate as 
the standard oui wit in them. That's 
a most of these instruments, for 25 

. have been equipped with EPLAB 

rd Cells. The latter were the first 
commercial cells of their type on the 
market and have made —_ —— 
compatible with uniformity in man s. 
Practically all our production is devoted 
te this one product. 


THE EPPLEY LABORATORY, INC. 
SCIENTIFIC INSTRUMENTS 
MEWPORT, RHODE ISLAND, U.S.A. 


EPLAB Standard CELLS 


FOR POTENTIOMETRIC INSTRUMENTS 
AS T DARD AS STERLING 
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effectively increase the sensitivity of direct-read) 
ing or recording instruments. Used with indicat 
ments, it makes possible the use of rugged inst 
indicating small voltages and currents instead o: the del 
cate high-sensitivity instruments which would  ther,; ) 
be required. Recorders, because of the higher Dp 
quired to operate them, cannot be used on wea 
and voltages without an amplifier. The amplifier, ereford 
extends the use of these instruments to fields former 
beyond their scope, permitting continuous records >f 
level, light intensity, frequency, and other phenom» ja. 
The d-c. amplifier shown in Fig. 196 is a usefu! vergati 
instrument. An important use is in automobile cor tro} ¢j 
cuits where, instead of being used to operate an indicatip 
or recording instrument, the amplifier output actuates x 
lays to control the original phenomenon or to perform 
some other function. This particular model is the Gener . 
Radio Type 715A and is of interest because its operatioy ; 
from alternating current is achieved with no loss in stabilit § 
and with complete freedom from fluctuations due to |in 
voltage variations within reasonable limits. Like the yap 
uum-tube voltmeter previously described it makes use 
degeneration to stabilize the amplifier gain and to improv 
the linearity of response. In Fig. 196 the power supp! 
circuit is omitted. An instrument of this type can be us 
for continuous recording. It will operate for weeks withoy 
attention except for a daily check of the zero adjustmen 
which takes perhaps a half minute. The tubes have a lifg 
expectancy of better than 3000 hours (120 days) whe 
used continuously. 








Amplifiers and Recorders 


One of the most important uses of this amplifier <s in 
recording work. Full-scale output of the amplifier has, 
therefore, been made 5 milliamperes to operate an Ester- 
line-Angus high-sensitivity recording instrument which re- 
quires 5 milliamperes for full-scale deflection. Although the 


instrument should be considered as a voltage-operated de-H e Ste 
vice, its extreme sensitivity as a current amplifier is quitelill . = 
remarkable. One-tenth of a volt input will give full-scalef © sist 
deflection in the 5-milliampere output circuit. A current %* 
of only 0.01 microampere passed through the 10 megohm™m ° - 
input resistance will provide this one-tenth volt input » @ M 

In conjunction with a sound level meter and a recorder, ~ 
the amplifier can provide a continuous record of average aa 
noise or sound levels over long periods of time. Also, be +e 
cause of its high input resistance it can be used in they 7 


recording and measurement of hydrogen ion concentration 
with low-resistance electrodes. Comparatively weak radio @ > 
telegraph signals can be recorded on tape recorders by the MR /¢ s 
use of a small oxide rectifier, the d-c. amplifier and a re b 
corder, 


Another extremely important application is its use ir @ Rus: 
connection with photoelectric devices. It can be made to .,,,;-4 
operate directly from the output of a “hotronic” cel! and Hj; pro, 
when so used and with a recorder, a number of applications & the rad 
are possible since the illumination of the photocell can be @ in the 
made to vary in accordance with such a large number of & out in 
factors. These include: 7? 

cniers 


1. Variations in daylight; 


2. Variations in artificial light brought about by smoke or ry 
dust in the air of Re 
3. Amount and duration of sunshine models 
tes, 


There is, in fact, almost no limit to the uses of an ampli- 
fier of this kind. For some applications, the amplifier may 
serve in place of a sensitive direct-current galvanometer 
Using a one-megohm input resistance, the amplifier has 4 
sensitivity of the order of 0.0004 microampere for one-fifth 
of a division on the indicator’s scale, comparing with a zood 
grade galvanometer having a sensitivity of 0.0005 microam- 
pere per mm, at 1 meter. The indicator on the panel of the 
amplifier gives a high-speed response where the galvanome 
ter has roughly a 10-second period. 


Measuring Time Intervals 


Typical of the applications to which electron-tube ampli- 
fiers can be adapted is the one shown in Fig. 197. This 8 
an electron-tube chronograph, used to regulate watches and 
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; nil DI aes PyGQiass for modern war 
= “UrTen s —s ~~ - 
: » hereforg Ee The spyglass, traditional 
8 } ° 
a. ee of the blue water sailor, 
> VE 80un ° ° 
mena, is still used by the Navy 
ul versatij ' for recognition of signals, 
ty Vtrol ¢j Vad landmarks, and ships; is 
11¢ . ‘ . . . 
- i: > ° still an essential nautical 
to , instrument, as well as a badge of office. 
the Geners Retaining the conventional form and rugged simplicity, 
S One - | a . . 
in nes Kollmorgen improved the instrument for modern warfare, 
1 Stabilit | 
due to lin | makes two fine models—the 16 power for quartermasters 
ce the vag | and 10 power for officers of the deck. The precision lenses 
“aq use 9 | are coated with anti-reflection films. 
oO m ra | rT r r 
a a Today the U.S. Navy has first call on Kollmorgen for 
5 ly | . ‘ a 
an be used | periscopes and many other precision products. Tomorrow 
ks withoy Kollmorgen experience in optics and instruments of all 
cea types will be available to industry, science, and education. 
© a ilf¢ e ° ° , 
ys) whe Consultation invited—now! 
ae KOLLMORGEN OPTICAL CORP. 
lifier has 
an Ester- 2 Franklin Avenue Brooklvn 11, N.Y. 
which re- 
hough the 
rated de-M) @ Standard laboratory instrument design 
r is quite ) and workmanship. ee 
full } @ Wheatstone Bridge Type RN-!. Four re- e 
ULI-Scaleme sistance dials. Nine positions each. | 
L current 9xl, 9x10, 9x 100, 9x 1000 ohms. | ; 
! meoo @ Ratio resistance guaranteed to plus/ | — d 
megohm minus .05%. Resistance coils to .1%. Ba orrel] CG (crrel] 
put P @ Moving coil galvanometer. Sensitivity Pe | 
recorder, i of | microampere per division. 4! v. | | 


uP : internal battery. External battery and | MONO DRUM 
average mm galvanometer connections. ix MULTI-SPEED— - —ALL-ELECTRIC 


Also, be- fie Resistance Decades Types DR. .9 to 


* | 
d in theme 999,999 ohms. Accuracy plus/minus .1%. CHART - MOVER 
. ae 
ontration ceramic tubes. 


. . . . | 
f ee Sm ee ae :| Invaluable for testing . . . research . . . development work. 
Use one or more MONODBUMS as shown or use any com- 
| 
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ak radio @ Self-cleaning, multi-blade —_ phosphor- t ponent parts such as the unusual motorized gear drive. Use 
s by the lie / bronze spring wiper switches. t | it for graphic recording . . . for driving timers, impulse 
a fp © Standard walnut cases. 3 and sequence controls . . . for any purpose where absolute $91.00 net. 
nd a re Hie erry accuracy of motion and power are needed at low cost. Ask = f-0-b. factory 
for special folder. 
3 use II : DRUM or cylinder is all-aluminum, 6.25” diameter and 
made t @Rugged, simple, dependable and eco- 10” an. Sees — pa by 28 . Can be wy Fr aml 
: i i E : cost attachment for: endless charts up to eig ; 
cell and pom thle Model RN-t Wheatstone Bridge Drum shaft is 22 inches long and drum may be placed any 
lication mt proving highly popular with workers in height on it. A rigid inner shaft also supports the drum on 
AvIONS HE the radio and electronic fields. Ideal for use ballbearings. 
can bef in the laboratory, shop, production line, or STEEL HOUSING is welded. Protected inside and out __ MONO-DRUM SPEEDS __ 
mber of i out in th : -2 with . with baked enamel. It houses motor, drive, indexing an Syn- 
rH Ve oy aging me “ — oma shifting mechanism. There are two projecting lugs to 3 ehronous _— py _ 
y a ss asia >) = hold 14” diameter vertical rods for instruments or your _@ Cm/min 4 Cm,;min 
chiefs and trouble-shooters in the commu- own appliances. A872 11.4 2,000 40 
noke or ‘ications field. We also have ready a line SYNCHRONOUS MOTOR is heavy duty type, sparkles, s 354 o4 1,250 3 
of Resistance Decade Boxes in standard self-starting and can be stalled indefinitely without damage. a a a a7 
models. Prompt delivery on suitable priori- 45 watts, A.C. only (115 volts standard). (A Hi Speed non- - oy ae ae 
"i ti P y synchronous motor may be had at the same price, see F 542 10s 190 38 
or a speeds with either motor in attached chart). All-gear drive G 718 24 109 21 
er may from motor to ay Cah oe eae and a hand- H 132 0.26 44 14 
wre rif bu tin ful of gears in the entire ‘ I 325 0.16 465 0.903 
ometer. ff @ Write for bulle aeea SPEED CHANGING is accomplished by turning knob. J 515 0103 29.0 0.58 
has a Every MONODRUM has 20 geometrical speeds. Each speed K 3.22 0.065 18.3 0.%6 
ne-fifth is 5/8 as fast as the one preceding. Dial on top always L 2.05 0.040 11.3) 0.22 
, indicates speed selection in use. M 1.26 0.025 7. ; 
a zood Industrial = Lubrication. Motor and all rapidly moving parts operate = = pps 2 cas 
oe So. PLANT and OFFICES: totally submerged in oil. Chrysler oil-less bearings used oi: Se — 1 
of the ee ane & Lae en Q 0.193 0.0038 1.08 0.020 
Anome- ; 7. ¥ Write today for folder on MONODRUM. Ask also for R 0.119 0.0023 0.634 0.012 
4 ‘3 ' . booklet ‘‘A Second or a Decade’’ showing other unusual Ss 0.0747 0.0015 0.398 0.007 
17 POLLOCK AVENUE apparatus for recording or chart moving. T 0.0467 0.0009 0.251 0.005 
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New - a COMPARATOR 
wih MICROMETER HEAD 
anc’ DIAL INDICATOR 


YOU SET IT DIRECTLY WITHOUT MASTERS 


The combination Micrometer and Dio! indicator Head incorpo- 
rotes ih own Master, A complete set of Gage blocks, or masters, 
ere not mecenary, You simply set the micrometer to the required 
dumension, lock it, and then compore workpieces, eft. 





























MODEL 

120 B-1 
This comporator is 
very convenient for 
tool rooms ond 





THREE-WIRE 
THREAD MEASURING 


is easy on this new comporotor be- 
couse the Micrometer Head enables 
you to read the actual dimension of the 
Pitch Diameter. The Dial indicotor then 
compares the diameters of other smilar 
screw threads. The weight over the in- 
dicator is for coarse threads. 











FEDERAL PRODUCTS CORPORATION - 1144 Eddy St., Providence, R. }.. 










































PRECISION MEASURING INSTRUMENTS 





.- AND H-B INSTRUMENTS 


The extraction of penicillin from 
living mold culture is a difficult and 
delicate task involving rigid control 
of temperature. It has been H-B’s 
privilese to provide various labora- 
tories with sensitive temperature 
control instruments which have made 
possible increases in penicillin pro- 
duction and subsequent reductions 
in cost. If precision instruments for 
the indication or control of tempera- 
tures can help you in your war job 
today, or peacetime production to- 
morrow, turn to H-B with confidence 
—for technical advice and for equip- 
ment of proven quality. H-B Instru- 
ment Company, 2525 North Broad 
Street, Philadelphia 32, Pa. 


THERMOMETERS + THERMOSTATS - 
THERMO-REGULATORS - 


oousLe 






RELAYS 


DIAMOND HYDROMETERS 
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MICROPHONE TEMPERATURE - CO 


TUNING FORK 
Fig. 197. An electron-tube chronograph for the accurate 


ment of short time intervals as is necessary in checkin; 
curacy of time pieces. 





























clocks. All of us, at one time or another, have ha 
or clock at the jeweler’s for regulation. Usual], 
time—several days or a week, even longer. 

With a new chronograph system developed | 
Young and Maurice Artzt of the R. C. ‘A. Man 
Co., however, a watch can be accurately regulated 
minutes ’time by measuring the interval betwee: 
consists of a tuning fork, accurately temperature-: 
controlling the speed of a driving motor conn 
drum on which a visible record is made. The w: 
are amplified after being picked up by a micropho: 
means of a printer are recorded on a paper ch: 
the tuning fork serves as a time frequency star 
intervals between ticks may be determined with 
curacy. The time-keeping capacity of a watch ma 
termined to an accuracy of within 1 second a day 
1 minute. An application such as this is, of cou 
outside of the ordinary run that might be encount 
industrial work, but it demonstrates the versatilit 
electron tube. Electron tubes play their part at bot 
of the system, first in the amplifier which amp 
weak impulses of the microphone to a degree s 
they are able to operate the printing mechanism 
ond in converting the impulses of the tuning 
alternating current for operating the synchronous 
motor. Fundamentally, the idea is very simple but 
quite impossible of attainment until the advent of 
tube amplifiers and rectifiers. 

Quite different from the timing devices just des 


a viscosity tester using electron tubes. In some manu! 


ing processes heavy viscous liquids are used and 
portant that the viscosity of these liquids be ma 


uniform. To test the viscosity of these liquids, the si 


arrangement shown in Fig. 198 has been found ve 


tive. It consists of an inclined glass tube surrounded bh) 


coils connected as shown and in which the liqui 


tested is placed. A heavy steel ball is rolled through 


liquid in the tube and as it passes through the 
causes two successive clicks in a pair of headphones 
sudden movements of the pointer of a plate milliai 
The time interval between the clicks is then a fun 
the viscosity of the liquid and it can be checked 
stop watch. 
Use of 
Because of its 
ceivable speed of action, the electron tube amplifier i 
instances can accomplish things that cannot poss 
accomplished without tubes. This is particularly tru 


the Capacitor Discharge Circuit 


field of contro]. Control is really an extension of m 
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Fig. 198. A simple electron-tube viscosity meter. 


all but limitless sensitivity and its 
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Scientific and Educational Brochure 
by 
Cari D. Miller, Ph.D. 


opens a 


New Field In Physical Measurement 


namely, the field of 


(onstant-How Viscometry 


Th an original, pioneering work, presented suitably for 

lay student and advanced professional alike. It is an expo- 

sit! f a device which affords results hitherto unattainable, 
following : 


umping of fluids at small constant rates. 


ontinuous measurement of the viscosity of fluid under- 
oing change. Automatic recording and use of viscosity 
s a means of automatic process control are immediately 
ttainable. 


‘eady measurement of the viscosity of separate samples 
f fluid. 


Determination of the change in viscosity with change in 
emperature. 


Precision measurement of viscosity. 








24 PAGES 


Sent postpaid in North America on receipt of one dollar 


THE ANDOVER PRESS, LTD. 
Andover, Mass. 
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How to 


FIGHT “BULLS” 
that come from 
careless counting 





i i iscounts and 
roduction relies On mi : 
boca be “bulls” are bound to charge In and 


tion schedules... until mistakes are 
o-the-minute operating 
oduction machines and 
t Counting Devices --- 
er-runs... improve 


guesswork a 
rip up produc 
made impossible by up-t 
records. So fit your war-Pr 
orocesses with wear eign 
Ov 
oid delays, shortages ane © “ 
persian tt co-ordination scent 
sony. See how you can make your — : cn 
the utmost... by counting on Veeder-Koo!. 


VEEDER-ROOT 


INCORPORATED 
HARTFORD, CONN. | 


__ eer 















Your Toft Source 
* TIME — 
CONTROLS 


Automatic time controls are speed- 
ing production multiplying 
manpower efficiency . . . and sav 
ing countless hours in thousands 
of plants in scores of industries 
Submit your timing problem to 
Paragon ... your top source-of 
time controls. 


Only $13.00 List 


300 Series self-lubricating 
time switches are accurate and 
durable for controlling stokers, 
oil burners, blowers, pumps, 
valves, air conditioning, etc. 
America’s leading time switch 
value. 


Cime Delay Relays 


The time cycle of Paragon 
synchronous motor operated, 
instantaneous reset type re 
lays is unaffected by vibra 
tion or changes in ambient 
temperature. For motor and 
tube protection. 


7-Da y Cime 
Switches 


... are designed for presetting 
heating or ventilating shed 
ules on a weekly bad with 
independent daily opegations 


Manually Preset 
Cimers 
The 2500 series is designed to 
close or open a circuit at the 
end of a preset interval, such 
as attic fan control 
All these units are designed 
and built by Paragon a 
pioneer in the automatic tim- 
ing field. Send for complete 
bulletin. nee 








Mr. Tops, the Paragon 
symbol of top quality 
























PARAGON ELECTRIC COMPANY 
35 W. VAN BUREN ST, 
CHICAGO 5, ILLINOIS 














November 1944—Instruments—Page 697 




















































TODAY OR POST-WAR / 


£@a 


6, ae Valuable 





Witte ~ 


LIQUIDOMETER z: Tink Gages | 


“THEYRE ALWAYS DEPENDABLE 


100% automatic. 
No pumps, valves, or auxiliary units needed 
to read them. 
Models for either remote or direct readings. 
Accuracy unaffected by specific gravity of 
tank liquid. 
Approved by Underwriters’ Laboratories for 
gauging hazardous liquids. 

Write for complete details 


THE LIAUIDOMETER CORP. 


36-27 SKILLMAN AVE. LONG ISLAND CITY, N. Y 








woeiod 





EVERY DAY we are shipping these precision pres- 

sure gauges to be used in place of dead weight 

testers. They are accurate, dependable and easy 
+ to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
gf a 144.00 


a ee 


QOLLABORATION WITH 
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ment and the sensitivity and speed of action 

tubes enables them to meet almost any control p: 
may arise. The application about to be descr 
which involves a principle useful in solving ma 
problems and making use of the fact that the h 
tube is essentially a high-impedance control dev; 
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Fig. 199. Capacitor dis 
used to introduce time « 
tric circuits for certain 
poses. The rate of ch 
capacitor depends upon 
tance and the resistance 








% /5Ovolts 





- Consider the circuit shown in Fig. 199. This « 
a resistor and capacitor combination. A voltage s 
tained across a voltage divider R; is used to charg: 
microfarad capacitor through a variable resistor ; 
maximum value of 50 megoms. If the voltage ac: 
divider is 100 volts, the voltage across the divider 
come 63 volts at the end of 100 seconds after the ct 
begins. The rate of voltage increase is, of course, di 
upon the capacity of the condenser and the rate a‘ 
current flows into it; with a fixed capacity, the hig! 
resistance, the slower the rate of charging. 

If the resistance in series with the condenser in Fj 
is reduced from 50 megohms to its minimum value 
megohm, the voltage across the condenser becomes 63 volts 
only 0.2 second after charging begins. Considering 63 volts 
as a control reference, any time delay from 0.2 second to 
nearly two minutes may be obtained simply by adjusting 
the resistor Ro. 

The idea involved in this circuit is simple but it is nota 
simple matter to measure the voltage across the capacitor 
The resistance of any voltmeter or other voltage-measuring 
device must be very high; if it is not, the capacitor wil! dis- 
charge through the resistor windings of the voltmeter faster 
than it can charge through the supply-side resistor. 

The solution to this problem, as may have been suspected, 
lies in the electron-tube voltmeter. The input resistance of 
the electron tube voltmeter is extremely high and further- 
more the circuit may contain relays for cutting in or out 
other circuits when the capacitor voltage has increased to 
the reference value. 

This combination of a capacitor discharge circuit and an 
electronic tube provides the fundamental elements for indi- 
cating the rate of change and the direction of change of an 
electric potential and it has many applications, three of 
which are of direct importance in central] station contro) 
problems, these are, the impulse relay, the electronic vo'tage 
regulator and the automatic synchronizer.* 

Consider the circuit in Fig. 200 which is similar to the 
one in Fig. 199. The current through tube 3, for a definite 
plate voltage E, depends upon the voltage E, of the grid 
bias battery 4. If a voltage FE; is applied with a polarity a 
shown, a charging current will flow through resistor 2 t 
the capacitor. This charging current will produce a voltage 


*“The Principle of Condenser Discharge Applied to Centra 
Station Control Problems.” F. H. Gulliksen. AIBH Proceedings 
Vol. 52, March 1933, page 232. 
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Fig. 200. The fundamental capacitor discharge circuit as used wit! 
a thermionic tube for measuring the rate of voltage change of EF; 
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sacl PRECISION DYNAMOMETER 
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rity as 
or 2 to 9 capacities Weigh only 
voltage | from 0-500 8 ibs. 4 ox., 


i ibs. up to a Te measure 8'/4” 
0-20,000 Ibs. x 61/4" x3" 


j | &n ideal laboratory or field instrument for indi- 
cating tension or stress in cable, rope, castings, 
assemblies, many other mechanical setups. 

t Thousands in use by leading plants. Fits into 
. “fight” spots easily. Not injured by accidental 
oVerload. Has safety glass cover and maximum 


hand. PRICED LOW. Immediate shipment. 
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Face view of the GEM meter shows the 
linear scale which makes these instru 
ments particularly adaptable to special 
jobs where multiple scales are needed 
GEM meters measure current wherever 


current is to be measured. 


Detailed view of the unit con- 
struction showing the ALNICO 
magnets that make this unit light- 
erand more compact. Notice how 
this completely modern design 
gives it a pleasingly smooth 
contour. By loosening the two 
screws shown, the movement 
unit may be lifted free. 


The D’Arsonval tyDe 
movement unit lifts out 
of the magnetic unit 
without disturbing the 
jewel bearings, armature 
orcore,thus, realign 
ment is unnecessary 


A GEM meters, the jewel bearings, 

armature and core are assembled as a 

complete unit. This complete and sepa- 
rate unit is mounted on the magnetic unit so that removal is quick 
and simple. The ALNICO magnets are brazed to the pole piece 
(to form the magnetic unit) under the most careful conditions and 
the results are guaranteed. 





Another GEM feature is the linear scale. The equa! divisions of 
this scale are made possible by maintaining a uniform flux distri- 
bution across the air gap. This scale makes GEM meters adaptable 
to almost any use. Extra high standards of quality are rigidly main- 
tained in the construction of GEM meters. They meet the Ameri- 
can War Standard Specifications and they are guaranteed to 2% full 
scale deflection. A special case design provides a dust proof seal 
which materially prolongs the life of the instrument. 


Standard GEM meters include D-C voltmeters, ammeters, milliam- 
meters, microammeters and radio-frequency ammeters of the A-C 
thermocouple type. D-C movements can be supplied with rectifiers 
for A-C measurement. Although the above standard GEM meters 
cover a wide range. SPECIAL ORDERS WILL SUPPLY 
METERS FOR ANY CURRENT OR VOLTAGE RATING. 


Write for informative catalog file sheet. 


GENERAL ELECTRONICS 


MANUFACTURING CO. 
6014 W. Washington Blvd. 


CALIFORNIA 


CULVER CITY 
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Alnor type 1760 


PORTABLE PYROMETER 








a long scale, sensitive accurate 
portable pyrometer, ideal for laboratory 
and similar service. 


Type 1760 Portable Pyrometer with the special thermo- 


couples provided, affords extremely accurate temperature 


readings. Long mirror scale and knife edge pointer make 


accurate readings easy. High internal resistance allows 


moderate variation in thermocouple size, and length of 
connecting wire, without affecting accuracy. Internal auto- 
matic cold end compensator is standard equipment. 

Type 1760 is available with single range and two range 
scale. Standard ranges from 0-300 deg. F. to 0-2500 deg. F. 
With rare metal thermocouple, range 0-3000 deg. F. Write 
for Bulletin 2416 with complete listings of all types. 


ILLINOIS TESTING LABORATORIES, INC. 


142 WEST HUBBARD STREET 
CHICAGO 10, ILLINOIS 





NORTON PORTABLE 
AMMETERS—VOLTMETERS 





Reliable, sturdy, portable Ammeters and Voltmeters for 
testing purposes. These instruments are built to maintain 
accuracy under hard usage in aviation, marine, and indus- 
trial service, power plants, and electrical repair work. 
Hand calibrated, hand drawn dials assure accuracy at 
every part of the scale. Supplied with knife-edge pointer 
and mirror reflector for quick, accurate reading. 


SEND FOR COMPLETE CATALOG 


NORTON Electrical Instrument Co. 


83 HILLIARD ST., MANCHESTER, CONNECTICUT 





NORTON (N) INSTRUMENTS, 


drop across the resistor with a polarity as indi 
sequently the bias on the grid of tube 3 will }b. 
positive and the current through the tube wi 
After a definite time, dependent upon the time 


d, 


is essentially proportional to the rate of change .* Ff, 


ne mo 
iNcreas 


Coy 


the discharge circuit, the capacitor will be fu! 7 
and the charging current, and consequently the vag. tn 
| across the resistor, will become zero so that curre 
through tube 3 will come back to the original ve 1 ay dd 
termined by the grid bias battery. If now volt: re p, 
varied, a voltage drop across the resistor takes p|. o¢ whic 


: : : an 
the polarity of this voltage drop will reverse if © 16 died 
tion of change of E; is reversed. The important featy, 
of this circuit are that the output of the tube is n feet 


change of E; and further, that since resistor 2 m 
eral megohms only a minute amount of contro! 
needed. 


Impulse Relay 


A scheme for an impulse relay for quick-resp. 
tation voltage regulators, using this capacitor 
principle, is shown in Fig. 201. With this type of e 
it is highly desirable to provide additional field f 
shunting out all resistance in series with the excit 
if a sudden drop in regulated voltage should occu 


REGULATED 
VOLTAGE 





Fig. 201. Circuit diagram of the electron- 
tube impulse relay. 


A transformer 1 is connected to the regulated \ 
source and feeds into the full-wave rectifier tube 2 
direct-current voltage across resistor 3 will, therefo 
proportional to the regulated voltage. An amplifier t 


is connected to resistor 3 in such a manner that the plat 


current of tube 4 does not change if the regulated \ 


changes slowly. This condition is obtained by selecting 
location of the resistor tap so any change in tube | 
| voltage is compensated for by a proportional] change in g7 
bias voltage. A resistor 5 and a capacitor 6 are connecte 


in a discharge circuit to the grid of tube 4 so that f 
creasing regulated voltage the grid of tube 4 will b 
more negative and consequently the voltage drop : 


| resistor 7 will decrease due to the decreased plate ci 


of tube 4. When: the voltage drop across resistor 

creases, a voltage drop will appear across resistor 8 ¢ 
the discharging action of capacitor 9. The polarity « 
voltage drop across resistor 8 will be as indicated i: 
diagram, so that the grid voltage of the glow tube 1 


comes more positive and causes tube 10 to break down an( 


energize the quick-response shunting contactor co 


| Contactor 11 remains closed until the direct-current s 


voltage for tube 10 is disconnected by means of the ¢ 
tacts 13 of the field-current-limiting relay. The d-c. sup 
for tube 10 is supplied from the 250-volt station bus thr 


| the voltage divider. 


According to F. H. Gulliksen of the Westinghouse 


| by the magnitude of voltage EF; but only by tl! ste 
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Elec rostatic Voltmeters 


Type 518 


HIGH VOLTAGE 
A.C. or D.C. 


Measure true R.M.S. values on A.C. 
No waveform or frequency errors. 
Leakage resistance greater than 
one million megohms 
No power consumption 
Very small capacity current on A.C. 


Available in ranges from 1000 volts 
to over 20,000 volts full scale. Rugged, 
well-damped movement. 


Accuracy better than 1% 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


112 POTTER ST., CAMBRIDGE 42, MASS. 
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voit) PHOTOCELLS 
1g the 
ye plate (Barrier-Layer Type) 
tie of highest sensitivity 
. le- 
: tes ® Great variety of sizes and shapes 
® Unmounted or mounted in vari- 
ous styles of casings 


® Full cooperation regarding ap- 
plication and circuits 


PHOTOVOLT CORP. 


95 Madison Ave. New York City 


Write for literature also on 
Colorimeters Smoke Meters 
Reflection Meters Haze Meters 
Fluorescence Meters 
Electronic Photometers 
Street-Lighting Meters 
Continuous-Flow Colorimeters 
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HYDRAULIC TESTING MACHINES Pendulum load indication 


is more accurate and de- 
pendable because it oper- 
. .. have repeatedly demonstrated the practical ates on the natural laws of 
gravitation. This principle 


truth in the words, “One Test is Worth a Thousand of operation is not affected 


; 


Expert Opinions.” Because they have simplified the by temperature changes al 
‘ ; : r ‘ subject to metal fatigue. . 
science of testing the physical properties of materials 
they are widely used throughout the wartime industries 
today. Here Riehle Testing Machines “ferret out” mater- 
ial weaknesses and defects; avoid failures before they occur, 
This technique of progressive testing on the production line 
and in research laboratories saves valuable machine and 


man-hours. Write for descriptive literature and quotations. 


HYDRAULIC 
RIEHLE "0% 
MACHINES 


Riehle Testing Machine Division, American Machine and Metals, Inc. 
EAST MOLINE, ILLINOIS 
Other Products: IMPACT TESTERS + VICKERS HARDNESS MACHINES 
BRINELL HARDNESS TESTERS ° MEASURING INSTRUMENTS 





To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


F YOU are an engineer, physicist, or chemist now working for a company 

whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty 
of opportunity for creative development work. Interested? Write Employ- 
ment Service Instruments Publishing Company, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., giving complete professional and personal data. U.S.E.S. 
consent and release statement will be required. 


This is mot the advertisement of any manufacturer but a notice from The Instruments Publishing 
Company as a service to its. readers. Names will be made available to prospective employers. There 
will be no charge to applicants or te prospective employers. 
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Over 10,000 electronic and radio 
items are stocked here ready for rush 
delivery! Not only that—our procure- 
ment experts are in constant touch 
with all leading manufacturing 
- sources. This complete centralized 
service simplifies and expedites pro- 
curement of Everything in Electronics 
and Radio. To save time and work... 
CALL ALLIED FIRST...get a// your needs 
faster from this one central source. 


Write, Wire, or Phone Haymarket 6800, 


FREE ALLIED RADIO CORPORATION 
Send for Today's “ : 
Most Complete 1 the Heart of America’s Transportation System 


BUYING GUIDE 833 W. Jackson, Dept. 28-L-4, Chicago 7, Ill. 


NEW Rapid R-F Resonance 
ond Coil Winding Calculator 
c 


New, dual-purpose ulator devised 
by Allied for fast and accurate determin- 
ation of resonance factors and coil wind- 
ing data. Simple, easy to use. Send for it 
DOW. Price Net, ODLY....seserecevee 




































Casy slofis- ald tn one und - 
INDUSTRIAL PRECISION CLEANING MACHINE 


CLEAN and DRY instruments, meters, gauges, bearings — 
all small parts, Speedily, Easily, Perfectly. L & Ris used by 
more than 300 industries. Write for illustrated, descriptive 
literature. L&R chemists and engineers will help you. 


LaR MANUFACTURING COMPANY 


S877 ELM STREET ¢© ARLINGTON © NEW JERSEY 
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| occurred as is the case with the electromechanica] ; iti 


| tric and Mfg. Co. the response of this equipment 


favorably with the electromechanical quick-respo: 
regulators at their best and the response does 
upon the voltage conditions immediately before 


Voltuge Regulation 


Since the capacitor discharge cireuit is so se: 
voltage changes, it is obvious that this princip| 
adapted to voltage regulation and this is the case 
important feature of several] electronic voltage r. 
which have been placed or the market. Such regula 


now available for d-c. and a-c. generator voltage r« it 












The important features of these electronic type rey lators 


are the high sensitivit;, the simplicity of operatio: 
extremely fast response characteristic. This fast 


| characteristic is made possible through the applic 


the capacitor discharge as an anti-hunting means. 
Because of the inductive lag of the field winding 
citers and generators, the generator armature alway, 
in relation to the exciter field current, if the excite: 
current undergoes a change as a result of regulator 


If no anti-hunting action is provided, the generator arma. 
ture voltage will not have reached the normal value when 


the exciter field attains the value corresponding to th: 


| generator load conditions. As a consequence, when th: 


erator voltage is brought back to the normal value, 


GENERATOR EXCITER 
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Fig. 202. Schematic diagram of an electronic voltage regulator 


using the capacitor discharge principle. 


though the regulator immediately starts to decrease th« 
citer field current, the generator armature voltage 

tinues to increase for a definite time dependent upon 
lag characteristic of the machine combination. Natur 
such a system will be unstable unless a zone is introd 
within the limits of which the voltage being regulated 
vary without bringing into play the field current corre 

forces. 

In the electron tube regulator for d-c. generators desc: 
by F. H. Gulliksen, the exciter field winaing is conn 
in series with a 3-electrode tube as shown in Fig. 202, 
plate voltage of which is supplied by a separate d-c. so 
The generator voltage is opposed by means of a batte 
that the increasing generator voltage will increase the 1 
tive bias on the grid of the tube and thus, decrease 
exciter field current. 

The anti-hunting is obtained through the capacitor 
charge circuit consisting of resistor 1 and capacitor 2 w 
is connected in series across the exciter armature. W 
the exciter armature voltage is decreasing the polarit 
the voltage drop across resistor 1 will be as shown in 
diagram and will, therefore, provide a positive bias on 
tube. This positive bias counteracts the original nega 


bias resulting from the initial increase in regulated volt 2 


and consequently tends to stabilize the equipment. 
In this, as in our preliminary consideration of the 
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was caused by a drop in the regulated voltage and, e 
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| D-AD-WEIGHT GAUGE AMES No. 22 
DIAL TEST INDICATOR 


A portable instrument for accurately measur- 
ing gas pressures, checking static springs and 
other purposes where an accurate Dead 
Weight Gauge is required. 

Standard Type is available in several ranges 
for capacities 5 to 1000 P.S.1. High Pressure 
Type available in several ranges for capaci- 
ties 50 to 5000 P.S.1. 


THE REFINERY SUPPLY CO. 
a TULSA 3, OKLA. . Ph 4.8144: L.D. 581 


1309 Capito! Ave Houston 2, Texas Ph: Fairfax 5814 
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rally, installed on production machines solve one 
luced Rotary ; of industry's most important problems . . 
End Drive that of securing accurate count of every 


thicknesses: 
d nicely 


piece or part produced . . . daily or weekly 

toto!ls . . . exact records for efficient sched 

Be i uling and control, maintenance and repair. 
C my 7 10) . \m The Productimeter Line is complete .. . 


a designed to meet widely different pro 
ee ; duction requirements. 

Rotary 
Top Drive BULLETIN NO. 100 


aconcise, ready reference catalog of 100 
standard models—sent at your request 


Our recommendations are backed by 
over 64 years’ experience in the ex 
clusive manufacture of counting ond 


measuring machines 


B.C. AMES CO. 


‘ RN. Buffum Street EMETERS 194 Eddy Street WALTHAM, MASS., U.S.A. 


aukee, Wis. WS Of INDUSTAYY) Providence, R. I. 
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pacitor discharge circuit, it should be noted that 
of anti-hunting force is proportional to the rat 
of exciter armature voltage and that consequent! ¢), an 
hunting force is zero until the exciter armat vol ONT. 


oa . ; 
Determine Moisture Content - starts to change. The anti-hunting action does tend 
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ae PPE decrease the initial response of the field curre: chang andar 
x. Within a FEW we | NUTES The anti-hunting action is controlled by means ~ a gn, for 
ig 3 radio type voltage divider shown in Fig. 202. 
fev, This type of voltage regulator using the cap: -itoy qigmperection 
DEPEND ABLE charge principle is one of a number of differen’ types pplicati 
j voltage regulators using electron tubes which e beamprocess ¢ 
developed. While these regulators have by no m:ings " # 
For plant and gk planted the electromechanical type for large cit 
Inexperi- laboratory use 10 fe their use for small units is increasing and there ) te prromes 
rset 4 hs page oe C8 son to believe that ultimately they will not be used ggmpiven thor 
Operate foundry, paper, large generators. As will be shown in subsequer rticlegmment 10 ' 
pulp, rubber, salt, © electronic devices are capable not only of acting a; voltag 
sugar, textile, © regulators but can also furnish the field current for 4 ] 
and tobacco in- (9) generator; in other words, it is possible to have an eleety, publ 
dustries. aes tube exciter. Whether such electronic exciters possess af 
The Dietert | : vantages over present equipment sufficient to displace ¢ AU 
Moisture Teller “7 latter remains to be seen. 
determines mois- = 
ture content ac- = Automatic Synchronizer C 


curately and 
rapidly by forc- 
ing electrically ; oes h ‘ : 

heated air through * also been applied in an automatic synchronizer. This jg 


The same capacitor discharge principle used in the i EN 
pulse relay and the voltage regulator just described }; 


the test sample. 
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CONTACTS OPEN WHEN 
CIRCUIT BREAKER 15 
CLOSED 


Fig. 203. The electron-tube automatic synchronizer. 





more complicated circuit than either the impulse relay o 
the voltage regulator and while a complete description wi! 
not be presented here, a few comments regarding the ci 


cuit shown in Fig. 203 will make clear its essential features SEND 
It involves the use of two thermionic tubes, 2 and ie" 

controlling two relays II and III. These relays are of the g:'"' 

telephone variety and so arranged that relay III operates 


at a fixed point in advance of synchronism, the closing HR; 
characteristic being independent of the frequency differen¢ 

Relay II which is called the advance relay on the other MB 
hand is so arranged as to operate at a point in advance | 
synchronism proportional to the frequency difference. 4! 


 - , core. . x s 
mS ; 5 BS Se, interlock is provided between these two relays so that thir: HRY & : 
Ly N i ) i Ref \ OF iF Nj ARS Gall sae relay (IV) which is the energizing relay closing the ma! 
treet — oe circuit breaker, is closed only if relay III is closed before 
vs cK Re J si bo ¢ mpan 


relay II closes. 
One of the tubes (3) is connected in series with th~ co 
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CONTROL 


By 


ONT! OL ENGINEERING 


ntals and methods 








ED SINCLAIR SMITH 


Registered Patent Agent, formerly Engineer in 


Charge of Patents, C. J. Tagliabue Mfg. Co., 
formerly Hydraulic Engineer, Builders Iron 
Foundry 

367 pages, 53ax8%, 121 Illustrations, $4.00 


low a recognized authority has gathered into 
a convenient volume the fundamentals, tech- 
que, and data for a complete guide to this 
wcialized field. The book gives both a qualita- 
¢ and quantitative approach to meters and 


ntrollers and their plant applications, and in- 
des the mathematical, physical, mechanical, 
ydraulic, acoustic, and electrical material neces- 





give engineers from any field an 
useful understanding of control re 
tions. Here is a valuable guide for instrument 
engineers concerned with control en- 
, applied both in process control and in 
echanisms for automatic steering, regula- 
rplane power plants and accessories, 
bmbat devices, etc. 


nsively 






joseats these widely - needed tools: 


of plants, their regulators, and the 
mance of controlled systems formed by 
| eouiieeneah: Covers many cases or- 
1et with in control engineering, giving 
a perspective that he only could get 
in years of experience 


ost efficient methods of handling second 
1 order differential equations, and cubics 


full development of the use of differential 

uations as symptoms with determinant tests for 
ty 

a flexible method of attack, showing what must 


lone to the plant itself for it to be con- 
le, how to design regulators for specified 
*t-unbuilt plants, how to fit regulators to 
lants working back from response 
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SEND THIS McGRAW-HILL COUPON 


*Graw-Hill Book Co., 330 W. 42nd St., N.Y.C. 18 
Send me Smith’s Automatic Control Engineering for 
y amination on approval. In 10 days I wil 
ad $4.00 plus few cents postage, or return book post- 
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Built-In Resistor Adapts this 
Drake Assembly for use with 
No. NE51 NEON Lamps 


HE DRAKE 500 Series Dial Light Assem- 
blies are ideally suited for use with 110V 
NEON Lamps, when equipped with a built- 

in resistor. Their many fine features have made 

the 500 Series a favorite. In fact, millions have 
been used since they were first introduced in 

March 1940! As world’s largest exclusive pro- 

ducer of Dial and Jewel Pilot Light Assemblies, 

DRAKE facilities and long specialized experience 

assures top quality and speedy deliveries in any 

quantities. If you have a dial or jewel light prob- 

lem, submit it to our capable engineers. Should a 

standard type prove unadaptable, they'll design 

and build a special type for your particular need. 

The Drake catalog contains a wealth of informa- 

tion on a big line of Pilot Light Assemblies. Do 

you have a copy? 


PILOT LIGHT ASSEMBLIES 


DRAKE MANUFACTURING CO. 


1713 WEST HUBBARD ST, CHICAGO 22, U/S.& 







































































BEAT 
FREQUENCY 
GENERATOR 


Type 140-A 


A dependable 


test instrument 





An accurate signal source capable of supply- 
ing a wide range of frequencies and voltages. 


Frequency Range 20 C.P.S. to 5 MC. 
Output Voltage 1 my to 32 volts. 
Power Output 1 watt. 


BOONTO 


BOONTON, N. J 























DESIGNERS AND MANUFACTURERS OF 
GENERATOR 


THE METER 
BEAT FREQUENCY GENERATOR 


QX-CHECKER FREQUENC 
AND OTHER DIRECT READING 


Y MOOULATED SIGNAL 
TEST INSTRUMENTS 


we're ready to * 


G |e) AV On your waite fo aa 


ke «post-war product! 


DIALS. x. + 
; SAFETY 
NOVELTIES 


Mies 


LUSTPOLILE 


CLEVELAND CORPORATION 


of relay III across a 250-volt d-c. supply circuit. The grid 
bias for this tube is supplied from the rectified beat voltage 
obtained from the copper oxide rectifier 7. When the phase 
angle between the system voltage is 180° a high negative 
bias is, therefore, applied to the grid and the tube current 
consequently is zero. 

As the phase angle is reduced, the negative bias is de- 
creased and the current through relay III is increased. The 
system is so arranged that at a definite phase angle dis- 
placement between the system voltages the current through 
the coil of relay III will be high enough to operate the re- 
lay. By adjusting the voltage divider 10 the operating point 
of relay III can be located at any position between zero 
degree and 40° phase angle displacement. 

The proportional advance characteristic of relay II is 
obtained by the action of the capacitor discharge circuit 
consisting of capacitor 12, resistor 13 and copper oxide rec- 
tifier 6. The d-c. output voltage of the rectifier will be pul- 
sating at a rate proportional to the frequency difference of 
the two systems. The voltage across capacitor 12 is equal 
to the output voltage of rectifier 6 when the frequency 
difference is zero. 

When there is a definite frequency difference between the 
two systems and the phase angle in changing from 180° 
toward zero, then the voltage across the terminals of the 
rectifier and the voltage across capacitor 12 will be higher 
than the rectifier voltage by an amount dependent upon the 
time constant of the discharge circuit and the frequency 
difference. The discharge current from the capacitor will 
produce a voltage drop across resistor 13 so that the poten- 
tial on the grid of tube 2 becomes less negative. When the 
phase angle displacement between the system voltage is in- 
creasing from zero to 180° the polarity of the voltage drop 
across the resistor is reversed. Considering the perform- 
ance of the automatic synchronizer the conditions for de- 
creasing phase angle displacement only are of interest since 
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never-diminishing glow. Mc /- 

ern production practice nov 

makes radium available fo: 
precise, large quantity manufacture. 


Technical assistance by qualified Lustrolitc 
engineers will help solve your problem 
visibility after dark. Don't hesitate to tell us 
your wildest dreams; Lustrolite radium may 
make them come true! ... Write for informc- 
. : P A 
tion on application of ° LUM 


di ‘ 
radium paint and ae [ Polit. 


luminous paints. 


no relay action can take place when the phase ang 
placement is increasing. 


it 


6927 Carnegie Ave., Cleveland, Ohio 


U. 


Thus, in these three applications of the capacitor dis 
charge principle, we see that all three are dependent upo 
the use of electron tubes. These three cases are present 
here because they display the voltage measuring capabilitie 


of the electron tube in three important control devicé 


in the electric generating plant. None of the devices co 
sidered has any moving parts outside of the relay contact 
and all of them have definite advantages over similar fon 


of control using electromechanical principles, 


Use Amplifiers Only Where Needed 


The foregoing applications of amplifiers are only a fev 
of hundreds of uses for them in the field of instruments 
but they are representative and other uses will sugges! 
themselves. They should be used only where needed, how 
ever. When sufficient power is available to operate stant 
ard electromagnetic instruments, there is no particular a¢- 


vantage in substituting electronic measuring devices 


standard electromagnetic instruments, since these are sil!- 


ple, accurate and reasonably priced. But for p 
where these standard measuring instruments do not 
the electronic methods offer new and far reaching 0 
nities. As Dr. Hull of the General Electric Co. has 


“electronic devices enable us to measure, without dis‘ urbing 


them, smaller voltages, smaller currents, smaller di: 


smaller times, smaller sounds and smaller light. Example 


of smaller voltages include the transient voltage 
heartbeat and nerve action; of small currents, the 


tion due to a single photon; of small distance, the sp 


tion of atoms in a molecule; of small time, the bre: 
of a spark in air or vacuum; of small sounds, speec! 
sients and the noise of machines; of small light, the 
tion from a distant star.” 
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When that Great Day dawns you'll be in the market 
for new types of components for 
your electronic devices now in 
the planning stage. Among your 
needs will be resistors embody- 
ing those characteristics which 
the new applications demand. 


hl tity, ™ 
4, 


\) 

7) SS 
x 
‘ Marianee 


INTERNATIONAL RESISTANCE CO. 


401 N. BROAD ST., PHILADELPHIA 8, PA. 
0 
IRC makes more types of resistance units, in more shapes, for 


more applications, than any other manufacturer in the world. 


MAKES ACCURATE 


FLUE GAS TESTS 
EASY 


‘ad 


CO, analysis of the flue gases is 
the only method available for de- 
termining the percentage of fuel 
wasted up the stack. The conven- 
ient FYRITE CO, Indicatormakes 
accurate flue gas tests easy— 
quickly pointing the way to ad- 
justments and repairs necessary 
to secure efficient fuel utilization. 
The FYRITE requires no skill or 
technical knowledge; is simple 
and rugged; has novalves,clamps, 
or leveling bottle; no glass parts 
or batteries. It is widely used as a 
practical aid to save fuel, stretch 
steaming capacity, and reduce 
furnace maintenance. 

For particulars about the FYRITE 
CO2 Indicator write for Bulletin 341. 


— 
aati Saati ol 
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1820 COMPLETE 
WITH INOUSTRIAL 


TYPE FLUE FILTER 





OXYGEN INDICATOR 
designed on same principle 
available soon. 

Ask for information. 


wstrial Instrument Co 


SENNE TT. €F 
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} a Fourth Star 


AWARDED OCT. 19, 1944 


urgp Pe Men 
tory ‘& Comp 
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yyls® 


evi 
— Pass 


First Star 


AWARDED MARCH 22, !943 


Second Star 


AWARDED NOVEMBER 3, 1943 


Chird Star 


AWARDED MARCH 29, 1944 


OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVENUE + CHICAGO 24 ILL. 
* 
PROJECTION LENSES »* CAMERA LENSES - PRISMS 
OPTICAL FLATS * SOUND OPTICAL SYSTEMS AND 
LENS COATING FOR LOW REFLECTION 
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MODEL 33-f FREQUENCY METER 


A ek: 


Mechanical shaking — one hundred and twenty times a minute 
through a one inch stroke for a full hour—on this Government bronco 


...a rough ride for any instrument—but J-B-T Vibrating 
Reed Frequency Meters take this slamming in stride— 
with accuracy unaffected. They're rugged. 


During the run, meters are rotated in the clamp to subject 


the reeds to stress and shock not only in aa 
their normal plane of operation but also in 5 
cross planes. They also undergo 24 hour ad 
vibration tests and single impact shocks of pun mts 

50 G's and above—through all planes. — FBP 


VIBRATING REED 


For technical data on the 


Here's where the designer’sspecifications [one ne a BT 
b . k h AMA ee Reed At 
uenc eters, sen 
of base inserts, lock washers at every criti- ye me arora 
cal point, polymerized finish, and similar 


precautions prove their worth. 


(Manufactured under Triplett Patents and/or Patents Pending) 


J-B-T INSTRUMENTS, INC. 


443 CHAPEL STREET © NEW HAVEN 8, CONNECTICUT = ,) 5574 
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| FAN-SPEED CONTRO}! 
ADJUSTMENTS 
Continued from page | 
“following” fan controller. (Se 
| This piston-and-cylinder arr: 
|serves the purpose of readju 
“proportional band” of the “f 


To “Following” ¢ 
Fan* Turbine 

















To “Leading "Fan Turbine 


|fan controller; and it allows the “foi- 
|lowing” fan to follow closely the ae 
|celerations and decelerations of the 
“leading fan.” 

It has been found, however, that the 
piston-and-cylinder on the “leading” 
fan controller power unit should have 
only about 75% of the displacement of 
the piston-and-cylinder of the “follow- 
|ing” fan controller drive unit in order 
to keep the “following” fan from 
actually leading the “leading fan” 
during a change. This adjustment is 
accomplished by crank radius decrease, 

This system also helps preclude the 
possibility of the fan controllers getting 
too far out of phase and hunting be 
| tween themselves. 


V. SPECIAL CASES 


When the pump type of hydraulic 

coupling is used as a fan drive, there 
is no reference movement that will sig- 
nal the controller how much change it 
| has made other than the quantity of 
oil which has been pumped in or out 
|of the coupling; and the measurement 
| of oil level either in the coupling or 
|reservoir might be termed difficult or 
impractical to serve as such a refer- 
|ence. Coupling power transmission in- 
| creases with an increase of oil quantity 
in the coupling and as the coupling 
| power transmission increases, the fan 
speeds up. 

Since the oil pumps are of the posi- 
tive-displacement type and their motors 
constant-speed, the time and direction 
the pump runs will serve as a measure 
ment of the change in oil level in the 
coupling and its power transmission 
change. 

Therefore, if a small motor-driven 
| positive-displacement air pump is sub- 
| stituted for the piston-and-cylinder and 
|connected into the control circui: % 
| that it runs in the same direction and 
‘the same length of time that the oil 














Specifications for long-range aircraft call for the installation 
of the Pioneer Gyro Flux Gate Compass System because its master 
direction-indicator readings are steady and accurate in steep 


dives, fast turns, rough weather, or near the earth’s poles. The Gyro 


PIONEER INSTRUMENTS ECLIPSE -PIONEER Di 


Bendia, Pioneer, Gyro Flux Gate are trademarks of Bendix Aviation Corporation 


Flux Gate Compass is a product of a great Creative Engineering 
team—a contribution of Pioneer’s combined skills in mechanics, 


electro-mechanics, 


electro-magnetics, and electronics. 


Month by month, as flying becomes safer, Pieneer points the way. 


enadix 


AVIATION CORPORATION 


Teterboro, N. J. 
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LUXTRON 


PHOTOCELLS 


This Pistall contact 
model is only one of 
a series of mountin, 

and indicates only 
one of the complete 
range of Luxtron* 
cell shapes and sizes 


BRADLEY 


LABORATORIES, INC. 


82 Meadow Street, New Hay 
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pump serving the coupling does, the 


| same controller action takes place and 
| the fan speed is controlled as previous- | 
| ly described. (See Fig. 3.) 


fending 
Constant dr by 


| 


Oil TO & FROM > Other Controller 


Coupling 


Couph 
Or! = 


Of course, this small air pump may 


| be substituted for the piston-and- 
| cylinder for supplying the “proportion- 


al bands” in any of the controllers men- 


| tioned above but, owing to cost and 
| complication, it is not used except 


where the piston-and-cylinder will not 
accomplish the desired action. 

A case in point is a rotating kiln 
where the connecting tubing may be of 


| such length and capacity as to make 
| the “proportional band” too narrow or 
| the installation too costly. 


VI. CONCLUSION 


We hope that the data presented in 
this discussion will be of help to others 
and that it will help make for closer 
adjustments in the field. 

We realize that it is a discussion of 
how only one design of automatic con- 
troller is adjusted, but the “common 
denominators” should be closely appli- 
cable to other designs. 





In general, the method used is to pre- | 


calibrate the “proportional band,” mak- 


ing it wide enough to assure stability, | 
and making a relatively simple field ad- | 


field test. 

These data are a cross section of per- 
haps fifty fan speed control applica- 
tions on boilers ranging in capacity 
from 35,000 lbs./hr. to 250,000 Ibs./hr., 
some having economizers and/or pre- 
heaters, others not. 





CORRECTIONS 
(October 1944 issue) 


“A Portable All-purpose A-c. Instru- 
ment Test Set.” By James Spencer. 
Omission in the wiring diagram, Fig. 2. 
—Ralph Blankenship, New Castle, In- 
diana, wrote to the editor that the re- 
sistors of the power-factor-meter por- 
tion are not connected. He enclosed a 
new diagram. We consulted author 
Spencer, who explained that only two 
short lines had not been inked in. Read- 
ers can complete the diagram by draw- 
ing these two ys” lines from the “50” 
and “100” points to the adjoining con- 
ductors. 


Editorial on “Fuel Saving Starts With 
Control.”—J. H. Burton of the National 
Fuel Efficiency Section, Bureau of Mines, 
points out an error in the last sentence 
of my editorial: “Regional Engineer” 
should be substituted for “Waste 


| Chaser” because a “Waste Chaser” is 


on the staff of one company, while a 


| “Regional Engineer” covers many plants. 


| justment of “floating rate” and minor | 
_ adjustment of “proportional band” by | 





COPRE 


RECTIFIERS 


“COPROX” MODEL CX-2E4-A9, ring- 
connected and mounted in tube base, de- 
tects phase differentials in A.C. currents 
and amal! D.C. potentials applied to bal- 
anced A.C. circuits. Maximum 4.5 volts 
continuous. Shown here in actual size. 


BRADL 


LABORATORIES, 


82 Meailow Street, New Haven | 
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Out of the maelstrom of 
war — with its complex of 
electronic intricacies in 
communication, control, 
operation and guidance— have come 
these N. Y. T. transformer develop- 
ments. Ranging from units for navi- 
gational aid to firing mechanisms, 
these N. Y. T. components are an 
integral part of she “sixth sense” of 
the Army, Navy and Air Forcex 
With the quickening tempo of war. 
and the casting of furtive looks by 
industry towards the post-war fu- 
ture, the importance of transformer 


product. with comparable accuracy, 


efficiency and dependability will be 
emphasized in civilian production 
The acid tests of combat will be the 
Proving grounds of tomorraw's 
simple household gadgets and in- 
dustry’s tools. 

N. Y¥. T. technicians can be instru- 
mental in the fulfillment of elec 
tronic «functioning phases of your 
products, equipment and appliances 
Association with leading electrical 
manufacturers and SeTViITes a> 
transformer designers, cowwultants 
and prodacerse will corroborate 
the distinetive and exceptional ne 
ture of N.Y. T. facilities 





NEW YORK TRANSFORMER COMPANY 
26-28 WAVERLY PLACE, NEW YORK 3, N. Y. 


pnt MAGHETS 


fl Dad aat4 


NEW! A valuable, up-to-the-minute 


* manual on the design, production 
and application of the modern permanent 
magnet. Prepared by The Arnold Engineer- 
ing Company, this is an authoritative trea- 
tise based on many years’ experience in the 

production of Alnico permanent magnets for a wide range of 
applications. 


When you want 
accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
engineer. With over 50 years of ex- 
perience anda very completelineof 
self-operating and air operated 
controls we are well equipped to 
fill your requirements. 
Write for Circular 2520 
2734 Greenview Ave., Chicago 
Offices in 47 Cities—See 
your phone directory. 


Contents include such subjects as Magnet Materials, Resistance 
Comparisons, Physical and Magnetic Properties, Demagnetiza- 
tion and Energy Curves, Fabrication, Design and Testing. 
Charts and tables illustrate and explain various aspects of the 
discussion. 

Recent improvements have opened many new fields for perma- 
nent magnets to reduce the cost and improve the efficiency of 
many devices. 


@Write TODAY for your copy on your company letterhead. 


ee 


LJ 
a THE ARNOLD ENGINEERING (‘OMPANY 


items 1420686 i 1 


LLIN 


i THE 
POWERS REGULATOR CO. 


Specialists in the Manufacture of ALNICO PERMANENT MAGNETS 


ee ee 
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Ingenious New <a 


f Technical Methods |. ~~. 4 


Presented in the hope that they will 
prove interesting and useful to you. F 














No Vibration in New “Orbital Action” Port- 
able Electric Sander; Relieves Workers’ Fatigue 


A boon to workers’ nerves and health, this new 
“Orbital Motion” electric sander is actually vibra- 
tionless. A great saver of workers’ energy as well 
as man-production hours, the sander can be oper- 
ated easily in horizontal, vertical or inverted 
position with one hand. Compared to manual 
sanding, this machine achieves superior results 
at least eight times faster. It performs equally well 
on wood, metal or plastics. 





























Easily-removed filter cleans air that 
cools motor—prolongs motor life 
Developed for war industry, this revolutionary and reduces maintenance costs. 
new sander has done yeoman duty in this coun- 
try’s manufacturing plants and in allied mainte- 

nance and repair depots all over the world. 


Wrigley’s Spearmint Gum renders a real service 
to workers too—eases dry throat and relieves 
tension that brings on fatigue, leaving both hands 
free to stay on the job. The Army and Navy were 
quick to appreciate these benefits, that’s why they 
are now shipping to our fighting forces overseas 
only, our entire limited production of Wrigley’s 
Spearmint. Just as soon as we can supply the 
home front, too, industry will again enjoy the 
benefits of Wrigley’s Spearmint Gum now proving 
so important on the battle fronts. 














Dustproof transmission synchro- 
nized to eliminate vibration. Oil sup- 


You can get complete information from Sterling Tool Prod- ply lubricates for 100 operating hours. 


ucts Company, 155 East Ohio Street, Chicago 11, Illinois Y-160 








MOBILE FOOD | 4B 

Continued from pag: 664 
cans contaminated with c« 
types of spoilage. 

The first tour of the mobile label 
tory was made through I) \inois , 
Wisconsin at the peak of th» peaug 
ning season. Some fifty can: ing pig 
were examined and their (acj]jj; 
checked, The touring-laborat: ry prvi 
was undertaken by the Quartermag 
Corps with codperation of the Natiy 
Canners Association. The fifty play 


Ain oth 



























Showing the autoclave, one of the important iteq 
of equipment of the Quartermaster Corps Mobi 
Chemical & Bacteriological Laboratory 


visited produced approximately 4,374 
354 dozens of cans of peas for Arm 
procurement and, of this total, accor 
ing to the official report of the tow 
correction of production conditions wit} 
regard to “flat sour” contamination wa 
made in the case of approximately 347, 
930 dozen cans. A total of 588,93 
dozen cans were found to contain poten 
tial “flat sour” thermophiles and, : 
such, were reported as being undesir 
able for shipment to hot climates 
During the entire tour, the personne 
of the mobile laboratory enjoyed ful 
coéperation of the canners visited in th 
interest of improving the quality ¢ 
their products from the standpoint o 
bacteriological and chemical purity. 
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Instcument DIALS AND SCALES 


assures Best quay NAMEPLATES - PANELS e: 
& PROMPT PERFORMANCE. 
PREMIER METAL ETCHING COMPANY 


21-03 44TH AVENUE LONG ISLAND CITY, N. Y. 
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WE TER LEVEL 
and FLOW 


{RECORDERS 


(DIRECT FLOAT OPERATED 
REMOTELY CONTROLLED) 






INDICATORS 






UTOMATIG GONTROLS 


Oosm 


LEUPOLD & STEVENS 
INSTRUMENTS 
Hydrographic, Navigation, 
Surveying 
4445 N. E. GLISAN STREET 
PORTLAND 13, OREGON 
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Vfl AUTOMATIC 


uagelitneronmen co. 
Mi ANKATO, MINNESOTA 








PILOTS AND PLANES WITH > FACTS 






Know what your planes must and can 
do...in the battlefields of the sky, over the Nation’s 
airlines, and in performance tests. 


HATHAWAY VG RECORDERS (Naca Type): 


... Show you Value of acceleration at maximum airspeed; Value 
of airspeed at maximum acceleration; Maximum airspeed; 
Maximum acceleration. *Manufactured from basic designs 
developed by National Advisory Committee for Aeronautics. 


Simple to install and operate. Weigh only 21 ounces; 
cost only $185.00. 434 inches its longest dimension! 


DELIVERED FROM STOCK FOR WAR EFFORT 
@THE HATHAWAY INSTRUMENT COMPANY 


1315 SOUTH CLARKSON ST,, 


Alay Malla Ue 


DENVER, COLORADO 


—— a 


si nase 








To the Instrument Man With IDE AS 


[FE you have designs or patents 
for post-war production and 
sales, the Post-War Product 
Service of The Instruments Pub- 
lishing Company will gladly put 
you in touch with interested 
companies manufacturing instru- 
ments and devices for measure- 


ment, inspection, testing and 
control. 

Write to Post-War Products 
Service, Instruments Publishing 
Company, Pittsburgh 12, Penna., 
giving a brief description of your 
idea, so that this Service may 
refer it to the interested com- 


panies. 


This is not the advertisement of any manufacturer or group of manu- 
facturers, but a notice from The Instruments Publishing Company as a 
service to its subscribers and advertisers. There will be NO CHARGE 
to the engineer offering the idea or to the company receiving the leads. 
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METERS and CONTROL 


Boiler Meters 


Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 





Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 


+a 


Lda 
..3 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 


For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 





Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
euperheat and other factors. 


Coal Meter 





Complete In for ay om 5. by yom eaperomne: § 
products will be gladly furnis upon ee “ 


BAILEY METER 


¢e COMPANY ° 





1041 Ivanhoe Rd., Cleveland,Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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The Month’s NE 
INSTRUMEN 


In this department we report each month new devices for measuremen 
spection, testing, metering and automatic control—in the form of concise 
nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Com 






































any. 
. : : : high, low-open-high, and low-n: il-hio 
On-off-time-ratio-adjusting Type Temperature controller is a * 7 
of Temperature Controller ranges from —125°F. to 1000°F use | 
A conjunction with motor and soler valved 
for Electric-heat Input relays, main line switches, etc. Pressuflllh, patos 0! 
New “Micromax Electric Control, Dura- cniatan in Sent Uae aan. ‘WEB acity of 
tion-adjusting Type” is said to bring to level control. Humidity controll: erate yam 
electrically-heated furnaces, ovens, and sim- ; “Siratts, rl 
ilar units as dependable a regulation of tem- from @ wet- and dry-Bulb type of clema 14 
* * . is — ‘ with separate control for each bulb. \; n 
perature as position-adjusting type of controller is also offered as a time-progr 
maker’s Micromax electric control has  ¢ontroller for automatically controlling ten. <9 1 
brought to fuel-fired furnaces. New system perature, pressure, liquid level o1 imidit quid i 
not only regulates electric input to hold according to a definite time sched rh a 
temperature at a selected control point or Bristol Co., Waterbury 91, Conn. er mm 
to a program, but is said to hold it there i pade aca 
so dependably that most efficient balance ddition . 
among product uniformity, speed of output, Industrial X-ray Unit B has 
flexibility of operation is achieved. By means 
of an “on-off” contacting system, new sys- New “Norelco Searchray 150” L ve 
tem feeds to heating unit the electric cur- plete self-contained industrial x-ray Aj 
rent needed to keep temperature to required which provides a quick, accurate means f j | 
control point or program. Input is either non-destructive examination of cir . 
“full-on” or “full-off.’”’ Regulation is ob- for internal flaws, cracks or foreign matt 


tained by controlling automatically the time 
during which current is ‘‘on” and “off.” Em- 
ploying balance method both for measure- 
ment and control, new system is a complete 
coérdinated one. It provides “full propor- 
tional time action,” as compared with the 
more familiar “full proportional position- 
ing action.” It provides automatic droop- 
correction. It can be equipped with Over- 
shoot Control, valuable when the furnace ot 
other unit is coming up to temperature.— 
Leeds & Northrup Co., 4934 Stenton Ave., 
Philadelphia 44, Pa. 





Inductance-coupling Type 
Automatic Controllers 


New Free-Vane “Electronic” Controller 
is said to operate on “the shielding effect’ 
of a vane passing between two coils in an 
“electronic” circuit. Recording and indicat- 
ing models are offered for automatic con- 
trol of temperature, pressure, liquid level, 
and humidity. The following modes of con- 
trol are available: low-open, high-open, low- 












New “Searchray” is said to be inexpe 
to install and easy to operate. Kilovo 









ears. It 


dial has scales calibrated for vario ory” at 
nesses of aluminum, steel and _ brass, ontainin: 
that even an inexperienced operator can ing, mes 
quickly learn how to operate effectively, 


ll 55-ga 
water 


saf 


Other features are the oil-immersed 
cooled tube; rayproof and shockproof 
features; fluoroscope for visual ins 
and cassette for fim exposures ; storage cabi- 
net for exposed and unexposed nezatives 
pushbutton control; smooth, stepless kilo 
voltage adjustment; electric timer having 4 
range from 1 to 20 minutes with 10-second 
intervals; and the variable filament control 
with a range from 5 to 10 milliamperes 


ransfer 
irum fau 
0 openir 
is empty 
and atta 
Indilstrie 
waukee, 











ar 








North American Philips Co., Inc 
2nd St., New York 17, N. Y. toe 
handy i 
Torque Meter en 
New “B/L Torque Meter” has been spe §operate 
cially developed for testing and accurately g@ecate the 
setting torque tools such as torque wrenches, 220, 330 
torque screwdrivers, etc. Its normal range }s cireuit 
0 to 750 in.-lbs. and dial calibration is ingjneon-lig! 
1-in.-lb. increments. Special adapters (other gs & ne 
than standard accessories) permit measure Mmsiows ¢ 
ments to 7500 in.-Ibs. Standard accessories test, bu 
are 4”, %” and %4” square-drive socket pation 
idapters. Operation is simple: turn ijust- AC, CUI 
ing handle until pointer indicates desire 
torque; put wrench on adapter and whe 
} 
7 

























ins set torque pilot light will 
needle will quiver. Dimensions 

8”; weight 61 Ibs.; operates 
c. but d-c. or battery types are 
request.—Burke-Lindahl Prod- 
1? Casitas Ave., Los Angeles 


Midget Relay 
t-weight midget relay weighs 


99/32”. Relay is single-pole single-throw, 




































ent 

€ rech. 

on this 

mpany, 

norma 

L\ il 

7 

on 

. . rates on d.c. only, and has a switch ca- 
% actty of double-pole double-throw with 

§-amp. contacts. Power requirement, 1.75 
; i . atts tuardian Electric Mfg. Co., Dept. 
eg y-R, 1638 West Walnut St., Chicago 12, Ill. 

me 

ro * ° . 

* quid-level Indicator for Drums 

‘inden New model of “U-C Indicator” has been 

made adaptable to 30-gal. steel drums in | 

ddition to the 55-gal. steel drums on which 

nit t has been successfully used for several 
Lo ‘4 5 
Sa 

x i} Ini | 4 anon 


Specimer 





ign matt 
nexpensive 
Kilovoltag 


ears. It tells at a glance the “inside 
ory’ about liquid level content of drums 
ontaining oil, solvents, etc. ; eliminates tap- 
ing, measuring, guessing. New model fits 
pil 55-gal. and 30-gal. drums; as easy to 
ransfer as a faucet—merely screw into 
rum faucet opening ; then screw faucet in- 
0 opening on indicator body. When drum 
8s empty, merely remove entire assembly 


effec tively, 
sed water 
roof safety 
in spection 
rage cabi 


negatives 

dless kilo ggend attach to a full drum.—Techtmann 
having age “ustries, Inc., 828 North Broadway, Mil- 
10-secon aukee, Wis. | 





nt control 
mperes 


Voltage Testers 


New “SDP-2 Knopp Voltage Testers” are 


voltages and for determining whether they 

cairy a.c., pure d.c. or rectifier d.c. They 
been spe-Moperate on the solenoid principle, and indi- 
iccurately M#cate the nominal a-c. circuit voltages of 110, 
wrenches, #220, 330, 440, and 550, and the nominal d-c. 
| range is@Mcircuit voltages of 115, 230, and 600. A 
tion is in##neon-light polarity indicator in the “SDP-2” 
rs (other's a new exclusive feature which not only 
measure Mshows the polarity of a d-c. circuit under 
-cessories MM test, but which also enables one to differ- 


‘e socket @entiate readily between a.c. and rectifier 
1 adjust: Mic. current as well as between a.c. and 
| desired 
nd wher 


| 


1.2 o and measures 1-9/32” x 1-5/32” | 


handy instruments for measuring circuit | 
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ANTI-MOISTURE 
| ANTI-FUNGUS 


Special treatment with 
materials to meet Signal 
Corps specifications avail- 
able when required. 


FOR 


RADAR + RADIO « TELEVISION 


DECADE BOXES 
FORMER TAPPING « PARALLELING 
RESISTORS AND CAPACITORS 
TAPPING INDUCTANCES 
and dozens of similar 
exacting uses 


© BRIDGES 
e TRANS- 
























SWITCHES 


in Special, Low Contact Resistance Designs 










Shallcross Switches are a natural out- 
growth of our own need for finely made, 
specially designed, low contact resistance 
units for a wide variety of exacting instru- 
ment and other applications. Solid silver 
contacts and contact arms assure highest 
conductivity, avoid danger from wear, and 
guard against corrosion. Up to 180 contacts 
can be supplied on a single switch. Single 
or multiple sections as required. Although 
many standard types are available, most 
switches supplied by us are special adapta- 
tions or unique designs to meet special 
needs. WRITE! Send today for technical 
literature on Shallcross switches. Put your 
problems up to Shallcross switch engineers 
for quick, economical, efficient solutions. 





















SHALLCROSS MFG. CO. 


DEPT. 1S-114 COLLINGDALE, PA. 


ENGINEERING + DESIGNING + MANUFACTURING 
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pure d.c. In addition, this light signals the 
presence of potential in daylight or dark- 
ness and provides together with the sol- 
enoid indicator a dual means of detecting 


voltage. Thus the neon indicator and the 


solenoid, connected in parallel, offer excei- 
lent protection against the danger which 
exists when an ordinary test lamp burns out, 
the danger of having no indication of volt- 
age when voltage is actually present. Among 
other innovations, Knopp Testers contain 
a mounting in the top of the case into which 
one prod may be inserted so that only the 
tester and one prod need be handled during 
tests. Incoming leads are physically sepa- 
rated from each other within the case for 
added safety in testing heavy-power cir- 
cuits. A junior model, the “SDP Tester,” is 
also being offered, which does not have the 
neon polarity feature, but which is other- 
wise identical with the “SDP-2.”’—Electrical 
Facilities, Inc., 4250 Holden St., Oakland 8, 
Calif. 





Replica Films for Inspection 
of Surfaces 


New “Faxfilm” is a clear plastic which 
reproduces non-photographically character- 
istics of a surface on which it is pressed, 
then can be used in any type of projector 
so that details of surface irregularities as 


small as 0.0001” can be viewed conven- 
iently. “Faxfilm Kit’ comprises a roll of 
plastic film, a bottle of solvent, 250 card- 


board frames, a moistener and an instruc- 
tion folder. The film itself, when dry, has a 
relatively hard surface so that ordinary 
handling does not produce fingerprints that 
would replica of surface being 
studied. However, when one side of the film 
is moistened by the solvent as per direc- 
tions, this side becomes soft enough to fill 
every depression when the film is pressed 
on the surface to be studied. (Surface of 
subject is likewise moistened by means of 


s’ oil 








Dial Indicatin 
easy-to-read 4! 


dial, 





Industrial 











= every Industrial Need! 


IN PRODUCTION and 
RESEARCH, wherever com- 
plicated physical or chemical 
processes are involved, 
Weksler precision instruments 
are definitely needed! 


types have 
Ae 6” or 8!/,” 
in latest phenol con- 
densate case, and are mer- 
cury, vapor or gas actuated. 


Recording types have 10” or 
12” chart, and are mercury 
or vapor actuated. 


types 
shape bronze case, remov- 
able glass front, red reading 
or yellow back mercury tube, 
and with any desired stem. 


Glass Precision Thermometers, 
Hydrometers, Psychrometers 
and Hygrometers are made 
in various scales and ranges, 
for many definite duties. 

Send for interestin, 

new folder No. G 20. 
Weksler Thermometer Corp. 
52-56 W. Houston Street 
New York 12, N. Y. 





—a Weksler 
 Migiiement for 
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Machined Finish 64 RM 
Perous Chrome Finish Weaviness and Lay 






















the same solvent just before applying “Fay, 

film.’’) After 30 to 60 seconds, the of : 

film is peeled from the subject, mounted 

and sealed in a frame, and becom A pepe 

manent record.—Rex D. McDill, 5 May- 

field Rd., Cleveland 21, Ohio, ai 

near 

eemenemes AT ia (6a nd ( 

. ° . head b 
Split-contact Micro Switches FB. 1 
New “Split-contact Micro Switches” arej™mided: 

said to simplify many otherwise-complexgmme requ 
electric circuits. By use of double-throwgggmith 01 - 
“Split-contact Micro Switch” it is possihlk ubes and 

icht offse 
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CONTACT yr inspect 
PRR AMGEMENT ns types 
nor for in 

buch othe! 

0, P. O 


High-1 


New “I 
borates a 
0 cover 

pnd is s 
ures ne\ 
In additi 
eakage r 
pble to x 
adio car 
perate 3 

ments art 
apacitors 






Ey 
TERMINAL 


ay 1 
e ARRANGEMENT? 1/4) - 


isi Bi 


to switch operation fron 


{ 


for instance, 


control to an a-c. control. Two sets cOn- Mivoltage s 
tacts are mechanically interlinked but elec Hither tha 
trically isolated. Micro Switch transfer ac 

tion is a matter of but a few millisecond r 

It is possible also with this switch con- 

trol four isolated circvits by pairs, elim 

nating use of relays and other isolating 

means from the circuit. This saves weight 

and bulk and gives more accurate ani 

speedy response. Double-throw “Split-cot 

tact Micro Switches” have two contacts on 

both normally-open and  normally-closed 

side as shown. Outside dimensions are samé 

as basic single-pole Micro Switch. Pin 

plunger design shown is “Catalog BZ YT 


Type “D” and “S” plunger designs ux 
available.—Micro Switch Division, Freeport 
Illinois. 








Inspection Magnifier-illuminatot 


New cold-cathode no-starter “Inspector 
equipment is distinct from maker’s preset 
line of “Inspector” equipment (usual startée! 
type fluorescent lighting). It utilizes a light: | 
ing principle said to have been fully oved | 
in other fields but offered for the firs’ timt sg 












y anyone for inspection use. It is entirely 
maker's own design (including the fluor- 
ent tubing) and is said to have “star- 
ing advantages for many applications” 
based on following characteristics: Advan- 
ages: | No starter, ON and OFF like an 
rdinary incandescent; (2) fluorescent tub- 
ng of circular form entirely around the 5” 
magnifying lens (but shielded from the 
ens) —result, soft, clear daylight with no 
adows whatsoever; (3) life of fluorescent 
ubes estimated at 10,000 hours; (4) oper- 
tes on 115-volt 60-cy. a-c. which is con- 
erted a small transformer 2,000-volt 
§-ma. ondary, adequately installed for 
wfe operation; (5) transformer is in a 
eparate housing which can be fastened up 
near the plug-in, Disadvantages: (a) ON 
nd OFF switch cannot be placed in the 
head but must be in the transformer box 
near the plug-in, but a pull cord is pro- 
ided: (b) replacement cost of tubes, and 
Hme required to make change, greater than 
ith ordinary fluorescent, but long life of 
ubes and shadow-free characteristic of the 
ight offset this slight disadvantage; (c) 
nw units are available in clamp or screw- 
in type table models in maroon for shop 
x inspection use, not available in double- 
ns types (such as maker’s No. 1234-W55) 
nor for installation over grinding wheels or 
hich other locations.—The Larrimore Sales 
0, P. O. Bow 1284, St. Louis 1, Mo. 
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High-resistance and Capacitor- 
leakage Tester 


New “Model L-2 Megohm Meter” incor- 
porates a vacuum-tube voltmeter in order 
0 cover relatively high resistance values, 
pnd is said to incorporate several fea- 
res new for this type of instrument, 
In addition to laboratory use (checking 
eakage resistance, etc.) it is readily adapt- 
able to production testing, particularly of 
adio capacitors. It is self-contained and 
jperates on 110-volt 60-cycle a.c. Arrange- 
ments are provided for rapid charging of 
apacitors under test. An external battery 
oltage supply may be used where voltage 
other than the self-contained 200-volt sup- 
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In the modern turbo-generator, uniformity of speed must be main- 


0 kw 220/440 volt Hendy 
ne eneratot. Bull : 
tT ron Works. 
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... makeing “ASSURANCE DOUBLY SURE” | 
with the "RAHM RESONANT-REED TACHOMETER 


tained over the entire range of no-load to overload conditions. 

The Hendy unit shown above has a carefully designed and 
precisely built governor to assure uniform speed under widely 
varying load conditions. As a double check, however, Frahm 
Resonant Reed Tachometers are used on Hendy and other well- 


known turbo-generators, both large and small, to provide the 

















operator with constant proof of turbine speed. Manufacturers 
select Frahm instruments for this service because of their sim- 
plicity of construction, ease of installation and freedom from 
maintenance. 

Frahm Tachometers are built in both stationary and portable 
types for use on many kinds of machines having rotating parts. 
Various ranges are available from 900 to 60,000 r.p.m. 


For a complete description of Frahm Tachometers together with 


list of types and ranges commonly supplied, write for Bulletin 
1590-1. The instrument shown above is listed in Bulletin 1740-1. 


JAMES G. BIDDLE CO. paticceuiay, ex 
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ply are desired. Instrument may be satisfac- ° ° ° 
torily operated with voltages up to 1000 Tumer for Capacitor-discharge 
Internal resistance standards enable oper- Resistance-welding Control 
itor to check calibration and make compen- New 
sating adjustments when necessary. Scale " 
length is 4%” with “less crowding at high- 
resistance end than is usual in such an in- 
strument.” Using external 200-volt supply 
iximum range goes up to 100,000 ohms, 
but can be extended to 500,000 megohms 


precise forge-pressure timer, incor- 
porated in capacitor-discharge controls for 
use with stored-energy type resistance w.'ld- 
ing machines, is designed for dual pressure 
spot welding machines of the capacitor dis- 
charge type, functions to supply accurately- 
timed forge-pressure so that required weld- 





with an external 1000-volt supply. Maxi- ing energy, cracks, indentations, and sheet 
mum resistance in series with capacitor or separation are reduced. Calibrated in 
insulation under test is 1 megohm, assuring milliseconds, new timer consists of a timing 
practically constant voltage across test circuit with a regulated d-c. source of 
terminals and minimizing effect of tube voltage to assure accurate timing: the nee- 
ground current. Stability is said to be as- essary electronic tubes; and a time-delay 
sured by balanced tube circuit and voltage relay with fixed timing for compensat ne 
regulators in internal power supply. Dimen- for the delay in operation of solenoid valve 
sions 10” h.-* 8” w. x 15” deep. Weight 10 on welding machine, so that the forge- 
lbs.—Industrial Instruments, Inc., 17 Pol- pressure can be applied precisely at any 
lock Ave., Jersey City, N. J point during the current discharge. A fea- 






The Permometal* tip of all PER- 
MOPIVOTS* is your guarantee 
of longer life and greater accuracy 
for precision instruments. PERMO- 

PIVOTS retain their satin smoothness 
and low coefficient of friction many times 
longer than ordinary pivots. They cannot 

corrode...require no oil...are non-magnetic. 


WRITE TODAY FOR COMPLETE INFORMATION 





























PERMO, Incorporated 


6423 RAVENSWOOD AVENUE + CHICAGO 26, ILLINOIS 
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test le 
ile tube 
has 2. 
ator fo 
tects th 
hand 
144” 
Prod 
eee 


ture of new timer is that it is nm 






he 

' 
a small steel base so constructed that “c 
can be added to any G-E capacitor: charg “Ku 
control already installed, provided that th wi 
resistance welding machine has a os ene! 
















pressure system designed for this purpo 
—Industrial Control Division, Gener 
Electric Co., Schenectady, N. Y 


Resistance-welding Timer 
New “electronic” timing contr for 
resistance-welding operations is said to ste 
up product quality and uniformit 
rapid, consistent welds, even wit! 
perienced operator. It said to 







is 








gacycl 
p to 2 
th SF 
















applied to either existing or new 
tions. A single knob gives instant t 
trol from 1 to 28 cycles in ste] 
cycle. Welding current is elect 
switched, so that there is freed from™mat bet 
contactor uncertainties, maintenan gn-\ 
and pitting. Device handles weldi: 
of % to 5kva.—Hlectrical Indust 
$2 Summer Ave., Newark 4, N. J 


Tube Tester 


New “Model 314 Tube Tester” 
be exceptionally flexible, is said 
simplicity and speed of operation 
octal, loctal, bantam Jr., miniaturs 
and all acorn tubes. Filament volta: 
is designed to test all present filam: 
ages from 1.1 to 117 volts—a rang: 
anticipate voltages of near futuré 
314” has individual connections 
element, Lever type switching ind 
controls each tube prong, checks 
filaments, dual cathode structures an 
purpose tubes. Separate plate tests « 
and rectifiers. Neon short tests 











































test leakage between any two elements 
je tube is hot. 44%” rectangular indica- 
has “Poor-Good” scale. “Pilot Lite’ in- 
ator for “on-off.” A double fused plug 
tects the transformer. Oak carrying case 
handle for portable or counter use. 
» 144%” XK 18” X 6”; 1214 Ilbs.—Radio 
Products Co., 127 West 26th St., New 
BEN. Y. 





mounted ¢ Flat Keying Relay 
ss that ww “Chatterless 200S” flat keying relay 
ded rie the “Kurman Old Timer” relay (“200” 
‘hat ti.) with an improvement which consists 
an energy-absorbing material, sealed 








Photo Courtesy 
Supreme Instruments Corp 
Greenwood, Miss. 


Coittinrs 


oa ERIES 500 

New Feature . . . eliminates 

“bounce"’ and “chatter " e 
thin & contact-carrying cage. The com-| | Series 500 (.500 diameter discs ) is the 
pad used is not affected by age, oil or) | | | «general service unit of the Conant family 


isture. Characteristics: Input 50 milli- i me ‘ . 

bts. Will key up to 150 words minute,| | . of instrument rectifiers. Its design and 

60 impulses per second. Armature is . . 4 

ieucacts.ic auliable tic Waaien 2 i ~ construction are the result of more than 
egacycle r.f. signal. Contacts will carry | : ley rpare . $e ay . 

Ber oe ena eee, Wa. Sees eleven years of constant experience 


th St., Long Island City, N. Y. { and close co-operation with instrument 
oe eetrs { manufacturers. 


Armature Tester : ' , 
New Alnor Armature Tester is designed Here is a rectifier that will take accidental 


Tl ae eee! overloads in its stride without damage 
armature coils, solder joints, | . because of its rugged construction and 
nmutator bars. Ohmmeter indication F ' ] dis oe 

ill reveal a short-circuited armature coil, amp € disc area. 

rovide a check on the proper number of | 

ms per coil, will also reveal a short cir- | Assembly operations are simple and speedy 

lit between adjacent commutator bars. f ; i - ; = 

Seh.voltage: tumelée tent apeiies a mo- with its single mounting stud. For all 

entary high voltage to adjacent commu- } , sNneral « re — ba reaal - © 

or bars, and an indicator lamp flash re- j general applications at commercial and lower 

‘als short circuits between commutator audio frequencies, you'll be wise to choose 


Biowout action of high-voltage im- ‘o* a el dee il ae 
Conant’s “Old Faithful}’ Series soo. 





switcl 


Grnilsument Rectifiers 


aid té " 4 

mit | : ELECTRICAL LABORATORIES 

eacl : 

iuall é to 6500 O STREET, LINCOLN 5, NEBRASKA, U.S. A. 

aming i 

multi : 

liode S 20 Vesey St., New York 7, New York 2017 Grond Ave., Kansas City, Mo. 4214 Country Club Or.,Long Beach7,Col. 

’ | 85 E. Gay St., Columbus, Ohio 7935 Eustis St., Dallas 18, Texas 4205 N.E. 22nd Ave., Portland 11, Ore. 
600 S. Michigan Ave., Chicago 5, Ili. 4018 Greer Ave., St. Louis, Mo. Caixa Postal 930, Sco Poulo, Brazil 
1215 Hormon PIL., Minnecpolis 3, Minn. 1526 Ivy St., Denver, Colo. 50 Yarmouth Rd., Toronto, Canada 








licaté 
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ENCLOSED GEARED-HEAD MOTORS 


350 r.p.m. to I revolution in 7 hours 

Since their introduction 6 years ago, these motors have proved ex- 
tremely satisfactory in service and have been applied successfully to 
such exacting jobs as driving telescopes, radio beam directors, 
voltage controllers, and similar applications. Practically any gear 
ratio from 7.2/1 up to 1,098,632/1 can be furnished. Available with 
either shaded-pole induction or synchronous motor. Shaft is cen- 
trally located. Accurate, durable construction throughout. 


BARBER-COLMAN COMPANY 
1202 ROCK ST. e ROCKFORD, ILL. 





ELECTROX 


® All kinds of rectifiers for 
all purposes ... any 
capacity. Suppliers of 
Electrox Rectifiers to lead- 
ing instrument and test-set 
makers since 1930. 


Write for illustrated 
Bulletin 446. 


CHAUER comcany 





2055 READING RD., CINCINNATI 2, OHIO 
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PYRO oniicai sincera 
SAVE TIME AND 
MONEY! 


By using PYRO, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
and quickly pays 
for itself. 

Unique construc- 
tionenables operator 
to rapidly determine 
temperature even on 
minute snots, fast 
moving objects, or 
smallest stream: no 
correction charts, 
no accessories, no 
maintenance ex- 
pense. Special 
“FOUNDRY TYPE” 
and ‘‘Universal 
TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of 
molten iron and 
steel when meas- 
ured in the open. 


Stock ranges 1400° F. to 5000° F. 
Write for Catalog No. 80 
Immediate Delivery for Defense Plants 


THE PYROMETER INSTRUMENT CO. 
Plant & Lab 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
In Canatia, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Torente and Montreal 











pulse test will remove meta! dirt o 
bon which would cause a t porary 

between bars. A faulty so! >, Joint 
cause an audible spark at t commyt 
bar, showing up a poor solder ‘int not 
ficiently defective to affect ohm 
reading. Alnor Armature Tesi -» js desi 
for operation on 110-120-volt. 60-cyd, 
A fixture is required to suit partie 
armatures being tested, bu to pr 
brush contacts for the commu! tor bars 
to allow rotation for testing siocessiye , 
mutator bars and coils. — J!) xois 7 
Laboratories, Inc., 420 N. La 

cago 10, Illinois. 


Air-operated Indic. 


Controllers 


New “Model 93 series” ir 
operated controllers are availa 
for controlling temperature, | 
uum, liquid level, and humidity 


ate on “Free-Vane” principle (see Insf 
ments, Oct. 1938, pages 232-233 ; Nov, 19 
pages 336-337). They have a throttl 
range of % to 15% with the adjus 
mechanism arranged so that changes 
throttling range can be made by user wi 
out tools. They can be changed by a fin 
adjustment from reverse-action to dirs 
action or vice versa.—The Bristol | 
Waterbury 91, Conn. 


“Calendar-type” Time Switch 
New “700 Series” 7-day calendar, dt 
time switch is said to have dé 
its worth for timing automatic 
lating, lighting, pumping or flus! 
tions. Calendar dial is 6” in 
makes one revolution every 7 
trippers can be independently s 
ferent daily ON and OFF schedule 
can be made in advance for an e! 
Any day or days operations ma 
ted entirely on a pre-set progr 
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ran Buren St., Chicago 5, Ill. 


learly separated from other 
i into hours and half hours; 
distinctly separated. Opera- 
o OFF or from OFF to ON can 

as three hours apart and 
‘ly adjusted throughout each 
the week.—Paragon Electric 





or Snap-gage with 
oP . Retractable Anvil 


1330 P-100 Visual Dial In- 


rage” obviates need of feeling 
thereby eliminates personal element in 
idition, it is provided with a 
stable «nvil to prevent marring high- 
nponents, It is easily adjusted 


any dimension within one inch and locked 
place. In normal use, weight of gage and 
inspector’s hand rests upon the fixed or 
ference contact. Gage weighs 15 oz. and 
ads in 0.0001”.—Federal Products Corp., 
jj Eddy St., 


Providence 1, R. I. 





Miniature Six-element 


x-ele 


New Type 
rmanent-magnet oscillograph (the world’s | 
hallest -ment unit) consists of three 
incipal systems: (1) optical system; (2) 


, a Oscillograph 


PM-17-Al” self-contained 








| 


k parallel galvanometer channels; (3) | 


otographic- material-transporting mecha- 


ranges. Flat frequency response between Ohms: 0-1000/10,000/ 100,000/1 meg 
50 cycles and 10,000 cycles. 10 meg/100 meg/1000 meg 
Meter cannot be damaged by accidental M.A.: 0-1/4/10/40/100/400/ 1000 

| overload on any electronic range. Elec- Decibels: Minus 30 to minus 5/minus 
tronic overload protection on all A.C. and 10 to plus 15/10 to 35/30 to 35 


with internal motor and removable 
holder—all enclosed within a light-| 
metal case 44%” X 4%° X 14%./| 


ht of complete instrument is approx. | 
) Ibs id to represent a big advance in 
e OSC zraph art, new instrument makes 












































Model 645 A.C.-D.C. 
Electronic Multimeter 


(Vacuum Tube Voltmeter) 


Both A.C. and D.C. volf ranges are D.C. volts, and ohms ranges. 

electronic. This provides the maximum of Variations in line voltage do not affect 

sensitivity and overload protection for all accuracy within the range of 100 to 125 
A.C. ranges as well as D.C. and ohms volts. The instrument is equipped with 

ranges. ballast control tube and self-compensat- | 
Measures resistance up to one thousand ing circuits. 


megohms and as low as 2/10 ohm. 
Constant input resistance 12 megohms on 
all D.C. volts ranges. 

Input resistance 4.4 megohms on all A.C. 


Meter Ranges— 
A.C. Volts: 0-1/4/10/40/100/400/ 1000 
D.C. Volts: 0-4/10/40/ 100/400/ 1000 






Either positive or negative D.C. voltmeter indications instantly 
by means of reversal switch. Signal tracing type test lead with 
isolation resistor in probe. Model 645 is an ultra-modern high 
sensitivity instrument, with all of the famous Jackson features, 
including exceptional accuracy and simplicity of use. 

MODEL 645 Net Price $56.50 
















Available now on rated orders ... after war a new regular in the Jackson line 
. a line that shall always live up to a long reputation for INTEGRITY OF DESIGN. 






BUY WAR BONDS AND STAMPS TODAY 


JACKSON 


Fine Clechical Testing Instruments : 


DAYTON, OHIO 









JACKSON ELECTRICAL INSTRUMENT COMPANY, 
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Bodine Type K Motors are small, 
rugged, and extremely dependable 
for instrument and precision devices 
requiring small power, accurate speed 
and repair-free service. Available in 
synchronous and non-synchronous types 
with or without speed reduction gears. 
TYPICAL APPLICATION 
Bodine Type K Synchron- 
out Spur Gear Speed Re- 
duction Motor used in 
Crouse-Hinds Traffic Sig- 
nal Timers. 

























BODINE 




















MOISTURE CONTENT 


of lumber checked in 
THREE SECONDS 


At the press of a button, Mois- 
ture Register detects and meas- 
ures moisture by the use of 
electronics. 


Calibrated with a direct per- 
centage reading dial, with a 
range from zero to 25 per cent. 
Completely portable and self- 
contained. Anyone can oper- 
ate it. 


Write Dept. | today for complete Information. 


MOISTURE REGISTER CO. 


133 N. GARFIELD AVENUE, ALHAMBRA, CALIF. 
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FRACTIONAL 
HORSEPOWER 


Silt <5 eta. | 


for important 
¢ instrument applications 


~ alain teen 


The selection of a drive for a 
motor driven instrument requires 
careful consideration. Correct 
type and size of motor are im- 
portant—but equally important is 
the name of the motor manufac- 
turer because it is the best guar- 
antee of dependable performance 
and long, trouble-free life. 


Many makers of precision instru- 
ments put their trust in Bodine 
motors . .. because Bodine has 
been a leading manufacturer of 
fractional horsepower motors for 
over 35 years, and because instru- 
ment makers know that Bodine 
Engineer’s wide experience in 
motor application § eliminates 
guesswork and assures the correct 
selection from the start. Bodine 
Electric Company, 2244 W. Ohio 
St., Chicago 12, IIl. 


MOTORS 








20-WATT UNIVERSAL 


AMPLIFIER 








Plug in fer A.C. or 6- trol panel. Use one or 


volt auto battery; no two 8-ohm speakers 


power pack necessary. without need of extra 
transformer. Has one 
6SJ7GT, one 6SC7, 
two 6L6Gs in push- 
pull, two 6X5GTs. 

Model 6720, with 
tubes, F.O.B. New 
York $56.28 


Model 6721, same as 


Uses mike and built-in 
phono at same time. 
78 RPM 


inch turntable, crystal 


motor, 9- 


pick-up, separate on- 
off switch. Long-play- 
ing needle included. 
Continuously variable 
6720, less phono play- 
$42.87 


TERMINAL RADIO CORP. 


tone control on in- 


clined eye-level con- — er 





85 CORTLANDT ST. NEW YORK 7, N.Y. 
PHONE WOrth 2-4415 
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where space and weight lir tions ” 

clude use of the larger general-jurpose tilMeiraight 

It is designed to directly r “om feller 

values” of potential or current, such ag, 

put of amplifying equipment. A wide »; 

of potentials or currents can reco 

by the use of appropriate externa] resist New 

instrument transformers, or nts.—4q ae 

eral Electric Co., Schenectady 5, N. y s ighs 

_— mittiné 

Fuse Panels or eountil 


Blueprints for new “No. 1505 Unive 
Fuse Panel” are available on request 
manufacturers making or using electr 
equipment, engineers, draftsmen, prime « 
tractors, and purchasing agent Espec 
advantages are said to be found in t 
use in airplanes. They can be placed at 
accessible point, rather than in a cent 
junction box. Industrial laboratories or st 
benches can use them for holding bars 
various diameters... They also ser as te 
porary switches. Circuit can be open¢ 
pulling out a metal bar from th 





insulated pliers. Thus an ammet car nstant 
inserted at this point for a temporary: 

ing. Panel “No. 1505” is for Littelfuse... -Ket 
AG and 3 AB,4AG and 4 A B, and 5 nge b 
and 5 A B Aircorps Type of fuss -.. n 
One number covers mounting er ! ; P 


only take blueprint and in a ft [oa h 
check all factors for panels to oe 
tions: First dash number indicat ey i} 
cification; second dash numb 

number of poles. Specification 

bars if required, and number of 
bussed.—Littelfuse Inec., 4757 I a om 
ive., Chicago 46, Illinois. 


Airplane Compass with Repeate 
New “Gyrosyn f 
tions of a directional gyro and N 


Compass” cor 


compass and result is said to n 
for greater 
rreatly 


accuracy in navigat t Aat 
to lighten and simplify pi 


SO a 
s M 


Fux VALVE 


This is in part because new com} 
for deadbeat indication and accu! 
netic headings without northerl) 
error or the necessity of res¢ 
avoids effect of disturbances in t 
magnetic field due to proximity of 
apparatus and armor plate. “Gyr Cou 
pass” is an electrically-driven t 
gyro precisely controlled by a “F! 















“fie Flux Valve” is small, hermet- 
and with no rotating parts, 
ily mounted in a wing tip safe- 
from disturbing influences of 
rosyn Compass” is installed on 
iment panel or at navigator’s 
ation. to six repeaters for remote indi- 
tions be used. “Gyrosyn Compass’ 
Lith tw peaters weighs less than 12 lbs. 
’ ovisior also made for furnishing azi- 
uth st ization as required by any other 
quipme? When rough air momentarily 
wings “ux Valve” out of horizontal, re- 
jyltant tuating signals do not register 
the Gyrosyn indicator because 
srectior gyro effectively integrates all 
yort-period disturbances and oscillations 
In a pI iged turn, erroneous signals may 
w ir irt on the indicator but they dis- 
appear thout oscillation and without any 
yrrective measures on the part of the pilot 
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‘~PUPrpose t traight ght.—The Sperry Corp., 30 Rocke 
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bbe Sine Hand Tachometer 

Tnal resist New m of tachometer is said to differ 


snunts,—¢ m everything on the market” in that it 
0, N.Y ounces and is of 2144” diam. per- 


mitting one-hand manipulation. Speed in 
p.m. directly indicated, without timing 
counting device. Readings are said to be 








nstant and record fluctuations which are 
le with tachometers now on the 
ket.” Seale is black figures against 
nge background. Range is 500 to 3000 
nd it is said that “checks of stock 
show a variation of less than 3% 
bsolute accuracy over the whole 


range An elastic tip is furnished that slips 
inted spindle for use on shaft ends 
t not centered. Tachometer is dust- 


isture-proofed and has a_ baked 
I protective coating on all surfaces 
X t the seale, which is enclosed in a 
istic tube.—The Standard Machinery Co., 
ce T, BR fF 


Gas Leak Detector 
New gas leak detector for barrage 
ball is described as follows: “Small, 
flat 1 circular, with a porous clay back 
th which escaping gas is abosrbed to 


‘} re ate 


s gainst anylon diaphragm. A gage | 


nnected to the diaphragm registers the 
ite of gas escape as the device is moved 
by hand over the balloon surface.”—John- 
son § ice Co., Milwaukee, Wis. 


Engine Supercharger Regulators 
SS N “Type 581” supercharger regulators 

“M 1 12” for updraft carburetors and 
a Mod 13” for downdraft carburetors) are 


lesigned to operate independently of car- 

duret throttle, automatically controlling 

the xiliary stage of a two-stage engine 

Supe irger system to produce constant 

j rt tor air inlet pressure. Control of War 

i ney Power is also incorporated. Car- 

caren burs inlet air pressure in a typical appli- 

te is automatically held constant, at any 

llowm™m altitude within rated limits of engine, by 

thr ng inlet to auxiliary stage. Sensitive 

irnia eler t, consisting of air pressure and evac- 

ited bellows, measures carburetor inlet air 

pre re and functions continuously to pre- 

vent it pressure from dropping or exceed- 

( ing setting. Auxiliary stage inlet throt- 
tlir 


valve is adjusted by an oil-actuated 
piston, commanded by the sensitive 


direction of the earth’s mag- | 


1s plane has been returned to} 






PORTABLE POWER PROBLEMS 
















































5 <= 
HIGH SENSITIVITY and standardized opera- 
tion characterizes the General Electric 
Model“B”Electrocardiograph which assists 
doctors in quickly establishing accurate 
diagnosis and prognosis of heart condi- 
tions. A true photographic record of min- 
ute change in heart potential waves is 
given by this remarkable lightweight, bat- 
tery-powered instrument. As a result, it 
quickly and economically makes available 
information that would otherwise be very 


difficult to obtain. 


BATTERY COMPARTMENT, shown upper left, houses the 
“B” Electrocardiograph (Burgess “‘A’’ and ‘“B’’ Batteries 


THIS MONTH—G-E MODEL “B” ELECTROCARDIOGRAPH 








heart of the G-E Model 


are standard equipment. 


General Electric descriptive literature emphasizes that ‘‘batteries provide the most de- 


pendable source of power—always smoot! 


h.’’ Battery power assures operation anywhere 


independent of commercial electric supply. Burgess engineers are constantly adapting 


special-purpose batteries for specific commercial and industrial requirements. Let them 


solve your portable power problems. Send coupon for free Engineering Manual 















Vame 


‘ompany 


Address 


teristics for electronic applic: 
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FREE e e e 80-PAGE ENGINEERING MANUAL! 
31 descriptive pages, 25 charts and 36 data tables on dry battery chara 
Tabbed for ready-reference. Write 


Dept. 4 for your freecopy. Burgess Battery Company, Freeport, II] 


e 
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Running Time Meters 


3%” Bakelite Case. Built to meet 
exacting government standards. 
Now available for immediate 
delivery. Several exclusive fea- 
tures that insure peak perform- 
ance and ease of installo- 
tion. Write or wire for 
sample and interesting 
competitive prices. . . . 


Sample Meter 
Sent on request 


Exclusive 


(Panel Mounting) 


Foot 


Sales Agents 


SALES ENGINEERING ASSOCIATES, INC. 


3907 San Fernando Road .e 











Post. War 
Clock Movements 


by 


CHELSKA 


Our production of special clock 
movements and clockwork mechan 
isms for recording instruments must 
wait until this war is won. Meanwhile, 
we would welcome the opportunity of 
working with you in developing your 
post-war designs. 

Remember, Chelsea has been mak- 
ing special movements for recording 
instruments for many years. 


3 





Bay 
Another Bond 


Today 





CHELSEA 


CLOCK COMPANY 
905 EVERETT AVE, CHELSEA 80, MASS. 
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Glendale 4, California 


w/a tea 2) 


KELNOR 


REG. U. S. PAT. OFF, 


elec£ri¢ SOLDERING IRON 


about “3 
attual size; 
weighs 2 Ib. 


ELECTRO 
RADIO Al 
INSTRUMENT 


manufacturing and 
repairing fields 


Easily solders hard-to-reach connections. 
Cuts down fatigue, increases accuracy. 


ORDER FROM YOUR JOBBER, OR DIRECT. 
PENERAL OFFICES: CENTRAL TOWER, SAN FRANCISCO 3 


_ KELNOR MANUFACTURING COMPANY 








element through a valve, War Mmergeng 
Power is provided by a bellows y h resef 
supercharger regulator, during water injg 
tion, to a higher value. Regulat 
matically reset to normal when 
water is exhausted or when wat: 
is discontinued. Evacuated bellows provide 
a coustant pressure control regardless of aj 
mospheric pressure or temperat varig 
tions. Bellows assembly is of light weigh 
to minimize acceleration loads. A balan 
oil control valve is said to provide accurg 
regulation regardless of oil pressure varis 
tions. Low vulnerability and ease of instaj 
lation are said to be provided by interns 
oil pressure and oil drain passages. Belloy 
assembly is submerged in oil, prevent! 

damage from vibration and lubricating aj 
operating mechanisms, New regulators a 
mounted on accessory drive section, a 
compact, and weigh only 4.75 Ibs. Envelop 
dimensions are 7-13/16” wide x 5%” dee 
xX 6-19/32” high.—Jdeclipse-Pioneer Diy, 
Bendix Aviation Corp., Teterboro, N. J, 


18 autg 
Ipply q 
injectio 





Statement of the Ownership, Management, Circ 
etc., Required by the Acts of Congress of August % 
1912 and March 8, 1933, of Instruments publish 
monthly at Pittsburgh, Pennsylvania, for October la 
1944. 

State of Pennsylvania, County of Allegheny, (ss), 

Before me, a Notary Public in and for the State and 
county aforesaid, personally appeared Richard Kimbach, 
who, having been duly sworn according to law, depos 
and says that he is the Publisher of /) 
and that the following is, to the best of hi 
and belief, a true statement of the ownersh/ 
ment (and if a daily paper, the circulation), 
aforesaid publication for the date shown in 
caption, required by the Act of August 24 
amended by the Act of March 3, 1933, er 
section 537, Postal Laws and Regulations, 

1. That the names and addresses of the 
editor, managing editor, and business manag 

Publisher, Richard Rimbach, Pittsburgh, | 
M. F. Behar, Pittsburgh, Pa.; Managing Ed 
ard Rimbach, Pittsburgh, Pa.; Business 
Richard Rimbach, Pittsburgh, Pa. 

2. That the owner is: (If owned by a « 
its name and address must be stated and a 
ately thereunder the names and addresses of 
owning or holding one per cent or more of t 
of stock.) 

Instruments Publishing Co., Inc., 

M. F. Behar, Pittsburgh, Pa.; Jackson Bur 
port, Illinois; R. K. Farnham, Newark, N 
Pugh, Altadena, Calif.; Martha B. Riml 
burgh, Pa.; Richard Rimbach, Pittsburgh, 
Seibert, Pittsburgh, Pa. 

8. That the known bondholders, mortg 
other security holders owning or holding 1 
more of total amount of bonds, mortgages 
securities are: None 

4. That the two paragraphs next above, 
names of the owners, stockholders, and secur 
if any, contain not only the list of stocl 
security holders as they appear upon the b 
company but also, in cases where the stoch 
security holder appears upon the books of tl 
as trustee or in any other fiduciary relation 
of the person or corporatiqn for whom such 
acting, is given; also that the said two 
contain statements embracing affiant’s full 
and belief as to the circumstances and cond 
which stockholders and security holders w! 
appear upon the books of the company as tri 
stock and securities in a capacity other than 
bona fide owner; and this affiant has no reas 
lieve that any other person, association, or c 
has any interest direct or indirect in the ss 
bonds, or other securities than as so stated b 
Richard Rimbach, 


Sworn to and subscribed before me this 19 
September 1944. 


[SEAL] 


Pittsbu 


Louis D. V 
(My commission expires May 
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TEST INSULATION 
THE MODERN WAY 


om” 


€ 
iF 


WITH A 
MODEL B-5 


NEW BATTERY-VIBRATOR TYPE 


No more tiresome cranking of a hand-driven 
generator. Entirely self-contained. Steady 
test potential of 500 volts D.C. available 
ot the touch of a switch. Direct reading in 
insulation resistance. Various new models 
and ranges. 
Write or phone for Bulletin 430 


HERMAN H. 
e 
COMPANY, INC. 


27 PARK PLACE NEW YORK, N. Y. 


PLASTIC 


NAME 
PLATES 


WA SCALES, GAUGES, 
7° CALCULATORS, 
*. CHARTS, 

DIALS, 


e eae to eine. gresse, 
oils, acids, alkalis. 

@ Printing nteed not to wash 
or rub b off, 

@ Non-inflammable, non-corrosive 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED OW REQUEST 
WRITE DEPARTMENT Ni. 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING ert 


460 W.. 34th STREET, N.Y. C. 


ESTABLISHED 


WHAT do you need 
in a PYROMETER 


SENSITIVITY RESISTANGE 
DURABILITY SIMPLICITY *» 


Engelhard Direct Deflection Indicators have all these features . . . Accurate sensh 
tivity to the most minute voltage variations due to suspension type ‘construction . . . 
High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger . . . So simple that insteat 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyro- 
metry . . . On kilns or furnace installations, where "spot 
readings" are desirable—the Engelhard Rotary Switch permits 


separate readings from many points. 


Write for 
Cat 


PORTABLE 
MODEL P-1 


CHARLES ENGELHARD, INCORPORATED 
90 CHESTNUT ST. NEWARK, NEW JERSEY 











Compact and easily 
moved from place 
to place 


Designed for testing over-all performance of radio systems and 
networks, this self-contained instrument generates its own fre- 
quency with remarkable stability. Can be synchronized from an 
external source. 

Other units in the new General Electric line of ELECTRONIC 
MEASURING EQUIPMENT include: G-E wave meters, capacito- 
meters, power supplies, wide-band oscilloscopes, signal generators 
and various other instruments in the ultra-high frequency and 
micro-wave fields for measuring electronic circuits and checking 
component parts. 


GENERAL € ELECTRIC 


164-cl1 


Electronic moment instruments 


—e 
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City, Society and Secretary 


Atlanta Georgia Society for Roger W. Allen, 376 Nelson Nov. 27{®) — Ellen Rice Tea Room (To be announced) 
Measurement & Control St., $.W., Atlan 


INSTRUMENT SOCIETIES CALENDAR 


Date Place Subject 


ta 


Baltimore Baltimore Industrial In- C. B. Willnecker, 6732 Dan- 


strumentation Society ville Ave., Dundalk, Md. 
Chicago Chicago Society for A. J. Butler, 2626 W. 31st Dec. 4) Merchants’ & Mfrs’ Television & Other Future 
Measurement & Control Blvd., Chicago Club, 237 M. Mart = Aspects of Electronics 
Cleveland Cleveland Instru- W. A. Stubblefield, 2085 W. Nov. 228) Cleveland Engineering Industrial Electronics 
mentation Society 104th St., Cleveland 2 Society 
Fort Worth Fort Worth Electronics Ralph Ely, 1116 E. Arlington, Dec. 21) Texas Hotel Telemetering 
Club Fort Worth, Tex. 
Gulf Coast Gulf Coast Instrument T. H. Pierson, 3030 Roberts St., 
Maintenance Men's Beaumont, Tex. 
Ass'n 
Hartford Hartford Society for S. J. Zelle, Bridgeport Thermo- 


Measurement & Control stat Co., Inc., 


1225 Connecticut 


Ave., Bridgeport, Conn 


Kansas City KC Industrial Instru- Gordon H. Burke, 1527 Broad- 


Nov. 21") _— Bluebird Cafeteria Combustion Control 
Instrumentation of H.P. 








Speai: 









Commander \ 
U. S. Navy 
T. A. Cohen, 
Research, 
Wheelco Instr 
H.R. McKenric Texgy 
Electric Service 











W. H. Puggsley, Hays Co 
C. E. Defabaug! Hips” 
















mentation Society way, Kansas City, Mo. Dec. 19") _— Bluebird Cafeteria alkalation units Petroleum Co 
Newark New Jersey Society for Robt. H. Gray, 1 Whippoorwill 
Measurement & Control Way, Mountainside, N. J. 
New York New York Socteas fer H. R. Kalbfleisch, 144-35 Dec. 26) Men's Faculty Club (To be announced) Keith Henney, Pditor of 
Measurement & trol No. Bivd., Flushing, N. Y. Candy — 400 Electronics 
. 117 ; 
N. Indiana = Northern Indiana Soc. R. W. Schreiner, 4 Waltham St. Nov. 17(©) Vogel Rest’t, 1250 Role of x-rays in George A. Russ . 
ment & Control Calumet City, Illinois Indianapolis Blvd., testing and controlling T al 
Hammond, Ind industrial materials et 
Nov. 15(®) — Engineers Club Electronic Design Applied Dr. T. A. Cohen, Wheele © 
Philadelphie Philadelphia Society J. E. Gambrill, 1317 1317 Spruce St to Automatic Control Instrument Co esis 
for Instrumentation Spruce St Dec. 20) Engineers Club Manometer Applications A. A. Hejduk, Meriam at oo 
1317 Spruce St in Industry Instrument Ca i cane 
Nov. 278) — Roosevelt Hotel The WPB Instrument Jewel C. Burgess, WPB NY pal 
Pittsburgh American Society for L. M. Susany, c/o Carnegie In- Program Washington gist ' 
Measurement & Control stitute, 4400 Forbes St., Pgh. Dec. 188) — Roosevelt Hotel Dimensional Control I. A. Hunt, Federa oe eerie 
as an Economic Force Products Corp aie oF out 
Se. Louis St. Louis Society for Gus Holubeck, Union Dec. 4) Hotel DeSoto Instr'n for variable- Loren Wood, Jr ie get! 
Instrumentation Electric Co., Venice, Ill. density Wind Tunnel ss sone! 
Toronto Canadian Society for T. C. Agnew, Minneapolis- Nov. 16(®) (Tobe announced) (To be announced) Coleman Moore, President, a sp 
Measurement & Control Honeywell Reg. Co., Toronto Moore Products Co wate tof it 
. Nov. 21) Interior Dep't Fractional-h-p. motors C. G. Veinott, Westing- we Rees 
Washington, Instruments Society W. A. Wildhack, 328 N. Auditorium and instr. applic’ns house E. & M. C 
- <. of Washington Oxford St., Arlington, Va. Dec. 19(”) do (To be announced) 


Wyandotte, Instrument Society of John MacPherson, RFD No. 1, Nov. 27{8) West Mound Church Electronics 
Mich. Wayne County Wyandotte, Mich. near Telegraph 








‘4)Meeting at 7:30, no dinner. ‘Dinner at 6:30, meeting at 8. ‘©)Dinner at 7, meeting at 8. ‘(?)Meeting at 8, no dinner. 


A. R. Satullo, 
Univ. of Detroit 





ATLANTA 

At the Sept. 25 meeting of the Georgia So- 
clety for Measurement and Control we had 
two representatives of the Plantation Pipe 
Line Co. who gave us an illustrated in- 
formal lecture on the problems of pipe- 
laying and the transportation of gasoline 
and oil. Everyone who attended was very 
much impressed with the subject and much 
constructive information was extended. 

—ROGER W. ALLEN 

On Oct. 23, at the last meeting of the 
1943-44 season, the new officers were in- 
ducted: Pres.: M. Virgil Davis; Vice-Pres.: 
Don D. Beach; Sec’y: Robert E. Geminert 
(P.O. Box 1714, Atlanta); Treas.: Edwin 
R. Foss. 

We heard a wonderful talk on aeronau- 
tics and the development of airplanes by 
Professor Allen Pope of the Aeronautical 
Experimental Station at the Georgia School 
of Technology. 

As retiring President of the Society for 
the past year, I want to thank each and 
every one for his cotperation and help. 

—HOWARD M. BARKER 
CHICAGO 

Our October meeting was well attended 

and we heard a very interesting talk on 





Rotameters by Kermit Fischer of Fischer 


and Porter Co. He began with a simple 
explanation of the operating principle with 
the help of sketches which he drew on the 
blackboard. This was followed by some in- 
teresting points in the early development 
of rotameters in France, England, and 
Germany. The importance of glass tubing 
manufacture with relation to accuracy was 
explained. Slides were used to show a large 
variety of rotameters and present-day ap- 
plications. 

The talk was followed by a lively dis- 
cussion in which Mr. Fischer answered a 
variety of questions. -—GorRDON THOMASON 
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KANSAS CITY NEW YORK 
During the business session of our Octo- At the October 31 meeting we had 62 for 
ber 31 meeting H. B. Manley of J. F. Pritch- the dinner and 80 were present for the 
ard & Co. presented the list of nominees meeting. Dr. P. S. Christaldi of Allen B. 
for officers for the coming year: for Pres., Du Mont Laboratories spoke on ‘“Labora- 


Wm. A. Reichow (Minneapolis-Honeywell tory and Industrial 
Regulator Co.) and R. B. Cook (Westing- Cathode-ray Equipment.” He illustrated the 
house E. & M. Co): Vice-pres., Wm. G. use of the cathode-ray oscilloscope on vartl- 
Eargle (Phillips Petroleum Co.) and Harold ous applications, and supplemented the lec 
Hoyt (Great Lakes Pipe Line Co.); Sec- ture throughout with slides. Many questions 
treas., Gordon H. Burke (Burke Engineer- were answered by 
ing Co.) and Lester Johnson (Sinclair Re- the discussion period. —H. R. KALRFLEISCH 


fining Co.). A motion was made by R. B 
Cook and unanimously carried, that he be 


Applications of the 


Dr. Christaldi during 







allowed to withdraw and Wm. A. Reichow NORTHERN INDIANA 
remain president during 1945. Ballots are The September meeting of the Northern 
now being mailed to all members; closing tndiana Society of Measurement and Con- 
time at next meeting on Nov. 21. trol was held at Vogel Restaurant, Han- 2 \, 
Donald R. Gifford (Alcoa) presented an mond, Indiana. The speaker of the evening EAD! 
enlightening basic lecture on thermocouple was M. F. Behar, Editor of Instruments 
protecting tubes. and his subject was “Some Forgotten Fun- With it 
damentals of Instrumentation.” His expla- 5 


Our Quiz Kids, Joe Spacek (Alcoa), 
Larry Siler (Hercules Powder), Lester 


nation of fundamentai characteristics of 
measuring instruments and automatic con- 







large, cle 
is invalu 











Johnson (Sinclair), and George Agin (Shef- trollers was very educational. The meeting work. B 
field Steel), handled the hot ones like the was attended by forty members and guests depth - 
veterans they are. The October 20 meeting was held at th lenses of 
H. B. Manley (J. F. Pritchard & Co.) re- Lake Hotel in Gary, Indiana. The ker Bh train. F 
quests information that someone reading of the evening was L. E. Bige, of sher 10". pe 
this may be able to furnish. Baker wishes Governor Co. and his subject was lid bak C 
to know if it is possible to obtain a table Level Control.”” A number of diagrar rm : - 
or chart showing the minimum length of flashed on the screen as Mr. Eige ked, gm cscomt 
thermocouple immersion to obtain accuracy and they were explained and questi in- head, yo 
in various media and varying temperature swered. Mr. Jimmy Riggs of Gene! Me- activity 
conditions. ters & Controls Co. was master 0! ” Eyegla 
Kermit Fischer, President of Fischer & monies. Jimmy started the meeting 4 Highe 
Portor Co., presented an extremely inter- ‘elling a few of his many stories. Th black 
esting lecture on Rotameters. Present-day ing was attended by ei Pe .ME breakabl 
application and future possibilities were %4 Ssuests. PT ‘i 
ably explained by Mr. Fischer. We can con- 
scientiously report that everyone learned a 
eee aah which will be of value to PHILADELPHIA c my 
him in the future. A very enthusiastic group at the ‘ be . H-49 
—GorDon H. BurKE 18 meeting of the Philadelphia Soci: for E 









INDISPENSABLE TO MANUFA 


E THAN 50 


OF MOR 


TYPES OF PRODUCTS 


Jiu Vac 


VACUUM GAUGE 


(Pirani Type) 


For Accurate High 
Vacuum Measurement 


OUTSTANDING ADVANTAGES IMPORTANT TO YOU! 


1. Gives instantaneous and continuous 
reading. 

2. Range of 0 to 3000 microns. 

3. Indicates presence of water and 
other vapors. 

4. Indicates vacuum changes as they 
occur. 

5. Adaptable to any high vacuum 
pump or system. 


6. Easily placed on any point on vacuum 
system. 


These D.C. operated gauges require 
only one or two No.6 dry cells and may 
be installed in rubber, sealed to hard or 
soft glass systems or coupled to inch 
standard pipe connection. Write for 
more complete information, description 
of models and prices. 





CTURERS 





Orders Accepted 
for Prompt Delivery 


id 62 for 
for the 
Allen B, 
‘‘Labora- 
f the 
ated the 
on vari- 
the lee. 
juestions 
during 
FLEISCH 


' , Keep hands 
free 


2%x BINOCULAR 


EADBAND MAGNIFIER 


With its magnification of 21/sx and its 
large, clear field of view, this magnifier 
is invaluable for all who do precision 
work. Binocular vision reveals true 
depth of details. Optically ground 
lenses of prismatic shape prevent eye- 
strain. Free working distance, 8” to 
10", permitting unhindered use of 
hands. Can be worn steadily without 
discomfort, and by just lifting your 
head, your eyes are free for any other 
Activity 

Eyeglasses may be worn while using. 
Highest optical quality. Eyeshade of 
black Tenite plastic — practically un- 


breakable. 


Write for leaflet 


CARL ZEISS Inc. 


pt. H-49-11, 485 Fifth Avenue, New York 17, N.Y. 





* NEW YORK OFFICE, 265 West 14th Street 





PRECISION SCALES 


AT ATTRACTIVE PRIcES! \ 
Even in f 

SMALL 

Quantities 


You may need only a few 
scales—3 or 4 or more. Al- 
though such quantities are 
ordinarily in the hand drawn 
class, we are supplying them 


Our special Syl-o-ette process 
enables us to do this—and 
in these small quantities (as with notable accuracy. Prompt 
well as larger amounts) hav- delivery. Write or wire today. 
ing the sharpness of printed 


numbers and characters. 


CORPORATION 


(ll eke eD  CleveELAND?2 O40 
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_ AMPLIFIERS. and. SOUND SYSTEMS 
“BROADCAST and COMMUNICATIONS APPARATUS 
F/M— television — A/M 


* 


IMMEDIATE DELIVERY FROM STOCK 
Seats OVER 10,000 ITEMS! 


letterhead for FREE 800 


es 


& ELECTRONICS Co. 





MONEY IN 
YOUR POCKET! 





The price of the 
Trimount Trap and 
Check illustrated 
is only $3.50. 

will pay for itself on the first 
blowover of your manometer 
by saving mercury that would 
otherwise be lost. Each succes- 
sive blowover means more 
money in your pocket. Messy 
clean-ups are avoided. No re- 
setting manometer to zero. 


Write for information today. 


a - 
, aa, 


Chicago 5, Il. 











37 W. Van Buren St. 
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age catalog 
212 FULTON STREET 


NEW YORK 7, N. Y. 
Tel..BArclay 7-1840 









No. A12402% 
Industrial 


No. M81110 
Dial 





No. M82115 
Recording 





TEMPERATURE CONTROLLERS 





No. 90000 No. V85002 No. M87000 
Self- Air-Operated Air-Operated 
Operating Non-indicating Type Recording 





PRESSURE GAUGES ‘ 





No. 800 
Steel Case 


No. 600 
tron Case 


No. 730 
Hydraulic 





Instrumentation listened to . 
Boho on “Combustion Cont, 
pointed out that boiler co; 
separated into the control o/ 
variables: (1) draft, (2) fu 
fuel air ratio. 

Mr. Boho outlined four fur 
tems of combustion control: 
ent control of fuel and air fr: 
sender; (2) Control of air 
put, which in turn is controlle 
ter sender; (3) Control of ie) { 
the air input, which in turn : 
by the master sender; (4) Bit 
No. 3 with interlocks to limit 
range of either variable. 

Mr. Boho concluded with the « 
a complete combustion contr 
a boiler with a combination of | t furg 
gas and powdered coal: parti: ly in 
esting because of complex probl« 
The feasibility of a National 


rea 

tion was discussed and we were privilg 
to hear Mr. Dewey of the Baltimore Inj 
trial Instrument Society give us that 
clety’s reaction: he is the Chairman of 
Committee to consider all such proposal 
The dinner was attended by an enf 


siastic group of 59, and the meeting 
attended by 101. The Secretar) 
that we had 102 paid-up memb: for 
and 8 paid-up members for 1945 


—J.E 





PITTSBURGH 


At the second meeting of the 
Society for Measurement and C 
the 1944-45 season, there were 
present for the dinner and over 


Ff tay ol 











Write for Catalog 101-G 









H.O.TRERICE Co. 


Manufacturers of Temperature Instruments 
1420 W. LAFAYETTE BLVD. 
DETROIT 16, MICHIGAN 










dred at the technical meeting. 
L. K. Spink of the Foxboro 
spoke on “Flow Measurement En 
He discussed the basic characté 
princinles of operation of the 
type flow meter and conditions aff ting 
operation. Slides were used to illustrate 
number of typical flow problems and p 
sible errors in primary elements 
As an added feature, throug! 
tesy of The Brown Instrument 
two reels of sound motion pictures « 

electronic automatic pilot were shown 
Art Schafer, Chairman of the Commit 
on Oreanization of a National Socld 
which was appointed on June 26, 1944, 8 
mitted the Committee’s first report. Heq 
nounced that a Conference and Fxhibit + 
be held at the Willlam Penn Hotel dur 
the week of September 17, 1945 
There having been no elections sit 
June 9, 1941, a motion was made that { 
present Council be continued for the te 
1944-45. It was carried unanimously 
—DL, M. Svs. 





WASHINGTON 


At the October 17 meeting of the Inst 
ment Society of Washington, Dr. W. 
Rayton, Director of the Scientific Bureau 
the Bausch and Lomb Optical Compa 
gave an illustrated talk on “New Optid 
Tools for Research.” A short motion P 
ture entitled “To Greater Vis! 
shown following the lecture. 

The membership cf the societ: 
more than 140; appreximately 2( 
attended the meeting. —W. A. V 

WAYNE COUNTY, MICH 

The regular meeting on Oct. 23 
at a church hall out in the country. ™ 
ladies of the church served a i ol 
fashioned dinner. 

Mr. R. A. Wright of the Metro! gay 
a talk illustrated by slides on ! 08 
trol. His talk was chiefly on « isti¢ 
and showed the application and a tagg 
of automatic control in a boiler |! if 
slides ran from comic cartoons W 
the difficulties of the operator in ng 
maintain hand control) to chart i 
showing the hard facts of impr: 
tion and decreased maintenance \ itd 
matic control. After the talk M rigt 
answered numerous questions. 

-——JOHN MA‘ 803 
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MODEL 79-B 
SPECIFICATIONS: 


FREQUENCY: continuously variable 60 to 100,000 cycles. 

PULSE WIDTH: continuously variable 0.5 to 40 microseconds. 

OUTPUT VOLTAGE: Approximately 150 volts positive. 

OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load. 

R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any 


r.f. carrier below 100 mc. 


MISCELLANEOUS: Displaced sync output, individually calibrated frequency and 
pulse width dials, 117 volt, 40-60 cycles operation, size 14”x10”x10", 


wt. 31 Ibs. 
Price: $295.00 F.0.B, BOONTON 


MEASUREMENTS: CORPORATION. 


Delivery on priority 


BOONTON + NEW JERSEY 


RUBICON PORTABLE 
ECISION POTENTIOMETER 


in a number of double-range 
tions, such as 1 volt and .1 volt, 
and 10 MV, also in pH ranges. 
‘ed accuracy .1%. An outstand- 


ribed in Bulletin 270 which also 
Rubicon High Precision Type B 
ry Potentiometer. 

lso make galvanometers, colorim- 
rmeameters, Wheatstone and Kelvin 
resistance standards, coil testers, 
raphs. 


Pescriptive bulletins available on request. 


RUBICON COMPANY 


Electrical Instrument Makers 


idge Ave. at 35th St., Philadelphia 32, Pa. 











HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 





This CLARE Relay 
Can Take the Place 
of Many 


e 


B\ -_ — 
{~ ~~ RES 


OC 
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. . ies 
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@This rugged multiple-contact relay 
permits innumerable contact arrange- 
ments. Permits designing to small 
size, with a lesser number of relays; 
and facilitates maintenance. Adapte 

for use in electronic control devices 
and for sequence control and inter- 
locking operations. Ideal where un- 
usual arrangements of relay control 
are desired. Here are the reasons why: 


1. Contact springs 

employing any of the 

forms illustrated can be 
hed. 


2. Spring pile-up in- 
sulators of heat treated 
Bakelite which permit 
punching without 
cracks, have minimum 
cold flow and low 
moisture absorption 
content. Assembly 
locked together under 
hydraulic pressure. 
Withstends heavy 
breakdown tests. 


3. Twelve different 
standard or special 
types and sizes of con- 
tacts can be furnished 
Contacts are overall 
welded to nickel silver 
springs. Sizes range 
from .062” silver, rated 
one ampere, 50 watts, 
to .1875” tungsten, 
rated four amperes, 500 
watts. 


4. Spring bushing in- 
sulators are Bakelite 
rod made by a patent 
rocess. Strong, hard, 
ong wearing. Essential 
where heavy contact 
pressures are employed, 
where vibration exists, 
or heavy duty service 


is desired. 
die 5. Armature assembly 


single or double arm. 
Has stainless steel shaft, 
Operating in a marine 
brass yoke. Heel piece, 
coil core and armature 
are magnetic metal care- 
fully annealed. De- 
signed for d.c. service 
6. As illustrated, relay 
has octal base plug 
mounting for easy serv- 
ice and replacement. Other mountings, and 
Bakelite or metal cover, can be supplied 
* + e 
This relay is an example of Clare “custom-built” 
design and construction. Clare engineers can 
“custom build” a relay to meet your specific re- 
quirements—one that will reduce your overal 
relay cost and simplify your design problem Write 
for catalog and data book. C. P. Clare and Co., 
4719 West Sunnyside Avenue, Chicago. 


CLARE RELAYS 


“CUSTOM-BUILT” Multiple Contact Relays 
for Electrical, Electronic and industrial Use 
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-- and in PEACE 


—- 


@ The submarine’s periscope and 
the surveyor’s transit have a com- 
mon need for accuracy the one 
for War, the other for Peace. To 
serve the greater need, the produc- 
tion of precision instrument optics 
at Univis is now devoted exclusively 
to the requirements of our Armed 
Forces. Tomorrow, Univis precision 
craftsmanship will produce peace- 
time needs of science and industry. 


PRECISION * * 
HABIT WITH UNIVIS 


a priceless habit born of years 
of faithful adherence to precision 
standards in the manufacture of 
finest quality multifocal ophthalmic 
lenses. We invite correspondence 
regarding your post-war plans in- 
volving the use of precision instru- 
ment mirrors, lenses, and prisms. 


UNIV IS 


INSTRUMENT LENS DIVISION 
THE UNIVIS LENS COMPANY 
DAYTON 1, OHIO 


COPR. 1944 
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In this department we report new literature pertaining to Instrumentation, rece iad fro 
manufacturers. To assist in the War Effort we urge readers to request ONLY thos5 bul 
which will be of value to them. Use the coupon on the facing page. 





L-204 Radio Parts. Catalog supple- 
ment No. 95, 10%” K 16%”, 8 pages. Lists 
numerous radio parts and associated 
equipment, many of which are available 
for immediate shipment with proper 
WPB release. Most items are illustrated 
by photographs or drawings, and speci- 
fications are given in text or in table 
form. All items priced. Lafayette Radio 
Corp., 901 West Jackson Blvd., Chica 
fy TB 

L-205 Manually Operated (foot) 
Switches. Catalog No. 441, 8%” x11”, 8 
pages. Snap action foot switches which 
may be operated by knee, hand, foot, or 
elbow for control purposes, safety de- 
vices, or alarm devices. Three different 
types, electrical rating of 10 amps at 
125 volts a.c. Numerous contact arrange- 
ments available. General Control Co., 
1200 Soldiers Field Road, Boston 34, Mass. 

L-206 Universal Bridge. Leaflet, 8%” x 
11”, 1 page. For measurement of capaci- 
tance, resistance, and inductance. Meas- 
ures resistance values from 10-4 to 10-10 
ohms; capacitance values from 10-6 to 
100 microfarads; and inductance values 
(with no .d.c. flowing) from 10-8 to 100 
henrys. With superimposed d-c. the in- 
ductance range is from 0.1 to 100 henrys. 
Additional features and specifications are 
included in text. White Research, 899 
Boylston St., Boston 15, Mass. 

207 Dumont Oscillographer. July- 
Oct. °43 issue, 69%”, 8 pages. In- 
creased demand for battery-operated 
electronic equipment necessitated a step- 
up in vibrator production while better 
quality had to be realized. One step in 
this direction was made by using an 
oscilloscope to adjust the vibrators in 
final inspection. Text explains procedure 
and numerous waveforms are repro- 
duced. Allen B. DuMont Laboratories, 
Inc., 2 Main Ave., Passaic, N. J. 

L-208 Eleetric Furnace. Bulletin G, 
8144” * 11”, 2 pages. For hardening, pre- 
heating, drawing, tempering, normaliz- 
ing, enameling, ete. In the laboratory 
this furnace can be used for testing and 
development work, precipitate drying 
ashing, fusion, etc. Will accommodate up 
to six No. 0 tall form crucibles. Power 
consumption 1200 watts. Thermo Elec- 
tric Mfg. Co., 480 W. Locust St., Dubuque, 
Iowa. 

L-209 Spectrographer’s News Letter. 
May ‘44 issue, 81%” x 11”, 4 pages. ‘‘Sec- 
ond Order Spectroscopy for Ferrous 
Metal Analysis” explains a method for 
analyzing boron in steel, and silicon in 
the presence of high chromium, by means 
of second-order ultraviolet spectrogra- 
phy. “Analysis of Aluminum and Mag- 
nesium” is continued from Vol. 1, No. 4. 

R. L.—Dietert, 9330 Roselawn Ave., 
Detroit, Mich 

L-210 Precision Tools. Catalog, 4%” x 
6%”, 4 pages. Specifications and illustra- 
tions of vernier calipers, micrometers, 
wire gages, glass surface plates, and 
many other precision instruments. Last 
several pages contain reference tables 
McGrath St. Paul Co., Fifth and Wacouta 
Sts., St. Paul, Minn. 

L-211 Eleetronic Relay. Bulletin GEA- 
4214, 8%” x 11”, 8 pages. Highly sensitive 


relay composed of an electron tub 
supply transformer, and an ctrom 
netic relay all housed in a eather 
sistant enclosure. Text, il] trated 
photographs, drawings and ring 
frams, explains principle of pera 
and cites several applicat Gen 
Electric Company, Schenect N. ¥ 


L-212 Carbon and Sulfur Determ 
tors. Bulletin, 844” K 11”, 8 pages, Wi 
two minutes, exclusive of sample wej 
ing time, an accurate determinatio 
carbon in ferrous materials can be 7 
with percentage accuracies within 
points in the second decimal place. § 
larly, a sulphur determination of ¢ 
coke, irons, alloy steels and other fen 
or non-ferrous materials can be mad 
3 minutes. Text, illustrated 
graphs, explains the apparatu 
cessories by which this is ace 
A. R. L.-Dietert: A. R. L., 4834 
nando Rd., Glendale 4, Calif jet 
9330 Roselawn Ave., Detroit 4, Mich, 


L-213 How to Measure in Microine 
Booklet, 8%” X11”, 24 pages. Accu 
control of the U. S. Standard Inct 
few millionths resulted in stan 
tion and _ interchangeability 
plains the use and care of gag 
flats, etc., which perform such 
measurements. Continental Machines! 
1301 Washington Ave. Sout! Min 
apolis, Minn. 


L-214 Temperature Instruments 
Air Velocity Meters. Bulletin, No. 2 
8144” 11”, 4 pages. Specifications 
illustrations of pyrometers and tempe 
ture measuring instruments, and of 
rect-reading air velocity meters. Illi 
Testing Laboratories, Inc., 420 No 
LaSalle St., Chicago 10, 111. 


L-215 Alreraft Products. Booklet, § 
x 11”, 8 pages. Describes numerous pr 
ucts used on transport, training, 4 
combat aircraft; also discusses sevé 
items expected to have wide postwar 
Plication and use. In addition, manuf 
turing facilities are described and ill 
trated. Simmonds Accessories, Inc. 
Rockefeller Plaza, New York 20, N. Y 

L-216 Voltage Stabilizers. 

8%” X 11”, 8 pages. Entirely 
moving parts, this stabilizer 

tain an output a-c. voltage of 
+%% even though input volt 
from 95 to 130 volts. Text exp! 
ciple of operation, with numer 
illustrating operating characte 
the influence of overload, 

change, ete. Information on va 
is given in tabular form for r¢ 
ence. Raytheon Mfg. Co., 190 

Waltham, Mass 


L-217 Type K Thermostat 
nary Bulletin 340, 814” « 11” 
For temperature control (of 
devices) between minus 120° 
These units have micrometer 
and provide differentials of 
Text provides complete specifi 
the unit and associated bulb 
sions are illustrated by outline 
United Electric Controls Co., B 
Mass 


1 





